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Abstract

Pine Hill lies near the center of a gabbrodiorite intrusion in the foothills of the Sierra Nevada
mountain range in El Dorado County, CA, USA. Weassembled an extensive flora, examined the

distribution and associations of vascular plant taxa, and specifically focused on associations of six rare

plant taxa. The influence of environmental variables on plant distribution was investigated using a

stratified random plot sampling technique and applying canonical correspondence analyses. The site

contained over 10% (741 plants) of the flora of the entire state of California including seven rare

species. Species segregated into chaparral, oak woodland, and grassland communities. In chaparral

and woodland, and on serpentine sites, over 75% of the flora was comprised of native species. The
non-serpentine grassland community was dominated by exotic species (64% exotic) and contained no
rare species. Shrub and tree cover were the most important biotic factors associated with plant species

distribution; serpentine substrate, soil texture, elevation, and degree of disturbance were the most
important abiotic factors. Five rare species were restricted to gabbro soils. Consideration of beta

diversity contributed little to our understanding of vegetation patterns. Our analyses identified two
types of chaparral which we termed "Xeric Seeding" and ''Mesic Resprouting" to reflect the

environmental conditions and the fire regeneration strategy of the vegetation. Each chaparral type

contained different rare species whose regeneration strategies were concordant with chaparral

regeneration type.

Key Words: CANOCO,canonical correspondence analysis, chaparral, gabbro, obligate resprouter,

obligate seeder, rare plants, TWINSPAN.

Mediterranean-climate regions are known for

the high diversity of their flora, collectively

containing almost 20% of the world's vascular

plant species while comprising an area less than

5% of the earth's surface (Cowling et al. 1996).

This is due to a combination of factors acting at

local to regional scales such as plant growth-form
diversity and differential responses to distur-

bance, plant assemblages composed of habitat

specialists and geographical vicariants, and spa-

tial variation in resources due to topographic

diversity and edaphic complexity (Cowling et al.

1996). In California shrublands, edaphic special-

ists, and patches in which varied serai stages

occur following fire add to floristic richness.

' Author for correspondence.

Located near the center of a gabbro soil;

formation in the Sierran foothills 48 km east of )

Sacramento, CA, Pine Hill stands as one of;

California's remarkable ''ecological islands"

(

(Stebbins 1978), possessing a rich floristic diver-

j

sity and a high concentration of rare and;

endangered plants (Fig. 1). The vegetation con-i

sists of open grassland, oak woodlands, and;

chaparral. The Pine Hill complex forms a 104 km^l

gabbrodiorite volcanic intrusion of Mesozoici

origin (approximately 175 million years in age)i

that is surrounded by metamorphic rocks, withjj

some granitic intrusions, and serpentine rock

lands (Springer 1968). Serpentine occurs as rocky

outcrops or as ridges which extend in a north-

south direction. At the time this study was begun

in the mid-1980s, at least six rare and endangereq

plant taxa were considered to exist only on Pine!

Hill or in the immediately surrounding area^i
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Fig. 1. Map showing the location of the gabbro soil intrusion which extends from S U.S. highway 50 to the South
Fork of the American River, encompassing the towns of Cameron Park and Rescue. The center of the gabbro soil

intrusion is at approximately 38 43' north latitude and 120 59' west longitude.

(Howard 1978; El Dorado County 2007; Baad
personal obervation). Since these species were
only known from gabbro soils at this locality, it

appeared as if the rare plants were restricted to

soils derived from gabbro parent materials.

Serpentine areas serve as an important edaphic
comparison with gabbro. Serpentine is classed as

an ultrabasic or ultramafic, cold intrusive rock. It

is high in ferro-magnesium silicates and is

especially noted for its low calcium and high
magnesium levels (Whittaker et al. 1954; Kunz
1985). High concentrations of heavy metals like

chromium and nickel are also generally common
in this rock type. The high proportion of endemic
species associated with serpentine soils has
generated much study ranging from the evolu-

I

tionary ecology of plant tolerance to the structure

of plant communities found on serpentine (see

Brady et al. 2005 for a review). The gabbro soils

are considered to be edaphically similar to

serpentine because of their mineral composition
'and because they appear to influence plant
distributions. However, gabbro-derived soils in

El Dorado County have a higher Ca/Mg ratio

'Goldhaber et al. 2009), and lower concentrations
3f chromium and nickel (MoiTison et al. 2009)
:han are characteristic of serpentine soils.

Changes in topography strongly affect the
listribution of plants by providing micro-cli-

mates significant to species survival (Mason
1946; Spurr and Barnes 1973; Mooney et al.

1974; Ricklefs 1976; Hocker 1979). In California

chaparral, topographically-governed moisture
and insolation levels may be reflected in

patterns of shrub species distribution due to

their affect on germination and seedling survival

(Meetemeyer et al. 2001); hot, exposed sites tend
to contain species with seeds cued to germinate
after fire and seedlings that have high tolerance

to drought, while sheltered slopes contain
resprouting species with seeds that depend on
cool, moist conditions for germination and
subsequent growth. The topography of the Pine
Hill complex is rich in its variety of slope and
aspect varying from small flat valleys with
gently rolling hills to steep river canyons and
prominent peaks (though only a few of these

extend above 600 meters in elevation) and thus,

topography may play an important role in the

diversity of the area's flora and in the distribu-

tion of the rare plants on the Pine Hill complex.
The overall climate is relatively consistent over
the entire region and is characteristic of
California's Mediterranean climate with warm,
dry summers and cool, wet winters. The average
annual precipitation, recorded nearby at Fol-

som Lake, is 65 cm and occurs mostly in the

form of rain in the winter months (USBR 1981).
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In addition to being noted for its unique plant

life, the Pine Hill region of El Dorado County

was considered a desirable area for residential

development. Easy freeway access from the city

of Sacramento encouraged rapid and extensive

development with much of the land being cleared

for commercial and residential uses. By 1996

several plant species were federally listed under

the U.S. Endangered Species Act as endangered,

threatened, or of special concern (U.S. Fish and

Wildlife Service 1996); others were listed as rare

by the CaHfornia Native Plant Society (Table 1)

due to urbanization, habitat fragmentation, road

construction, herbicide spraying, change in fire

frequency, off-road vehicle use, unauthorized

dumping, overgrazing, mining, and competition

from invasive alien vegetation. Preserves to

protect the rare species have been established

throughout the Pine Hill area (for a brief history

see Brink 2010). Of the 2,024 ha (5,001 acres) that

are within the target recovery area's boundaries,

at least 325 ha (803 acres) have been lost due to

development while 1,309 ha (3,234 acres) within

the recovery boundary are protected within

formal preserves (DeLacy, American River Con-

servancy; Hinshaw, Bureau of Land Manage-

ment, personal communications). The federal

listing of five species has been effective in

providing protection for large areas of a unique

chaparral ('^Northern Gabbroic", Holland 1986)

and has provided collateral protection for seven

rare, but unlisted plant species (Pavlik 2003).

Our goals in this study were to compile a flora

for the Pine Hill region, classify the plant

communities using Two-way Indicator Species

Analysis (TWINSPAN), and to investigate the

distributions of plant communities in relation to

environmental factors using canonical correspon-

dence analysis and permutation tests in CA-
NOCO. We considered both biotic factors

(vegetation cover, cover by exotic, native or rare

species, vegetation height, etc.) and abiotic

factors (slope, aspect, rock type, soil chemistry,

disturbance, etc.). Further, we wished to specif-

ically determine the community and plant asso-

ciations, and environmental correlates of the rare

and endangered plants.

Materials and Methods

Study Area

In order to evaluate the influence of gabbro

soil on plant distribution, we extended the

boundaries of the study area beyond the imme-

diate Pine Hill area to include other soil types.

We located 148 plots between the elevations of

120 and 670 meters and approximately between

north latitude 38 38' and 38 57'. Pine Hill, at an

elevation of 628 meters (USGS 1973) is located

near the center of the study area (at approxi-

mately 38°43' north latitude and 120 59' west

longitude). Approximately 60% of the plots were

on gabbro soil.

The Floristic Study of Pine Hill and Vicinity

Plant identification and taxonomy used in this

work conform to the nomenclature of Hickman

(1993). Existing specimens from the California

State University, Sacramento herbarium

(CSUSH) were used to confirm identifications.

Plant specimens were collected between 1981 and

1985 during all seasons and placed in CSUSH.
Whenever rare plant species were observed

during explorations of the study area, their

locations were mapped onto USGS7.5 min quad

maps and any unusual circumstances noted. Map
locations were converted to UTMcoordinates in

2008. Selected sites previously recorded by others

were visited to confirm the presence of rare

species, but the primary emphasis of this study

was to find new rare plant locations. New
locations were reported to the California Natural

Diversity Database (2008).

Stratified Random Plot Study

Aerial photographs (USGS 1979) were used to

map the overall distribution of the basic vegeta-

tion types and the fraction covered by each

vegetation type was estimated using graph paper.

Ground truthing verified photo interpretation.

The vegetation map served as a guide to locate

the stratified, random sample plots as well as a

means of calculating coverage area for vegetation

types as they occurred upon the Pine Hill gabbro

formation in 1979. From these calculations,

chaparral was the most widespread vegetation

with a cover of 44.8%, followed by woodland at

28.3% and grassland at 26.9%.

The number of sample plots per vegetation

type was assigned in proportion to the relative

aerial coverage of each type. Since a comparison

was to be made between vegetation on gabbro

soil and that on non-gabbro soil, the number of

plots "on" and "off the gabbro needed to be

relatively consistent within the percentages of

each vegetation type found on the gabbro

formation. Approximately 40% of the plots

assigned to each vegetation category were located

on non-gabbro soil.

Appropriate plot sizes were determined exper-

imentally using a nested plot technique and

standard species area curve calculations for

greater than 90% coverage (Mueller-Dombois

and Ellenberg 1974). This technique to determine

plot size was used to insure that the samples

taken from each vegetation type would be

comparable in species diversity. The actual plot

sizes used for each vegetation category were as

follows: for chaparral, 42 m- (3.25 mX 13 m); for
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Table L The Eight Rare Vascular Taxa of the Pine Hill Gabbro Complex, Their Listing Status,
Percent of Plots Where Found, the Soil Types Where They Grew, and Their Fire Regeneration
Strategies (F = Facultative Seeder/Resprouter; R = Obligate Resprouter; S = Obligate Seeder).
' Known from other soil types outside the Pine Hill area. - Not found during this study, but reported to be present

(Cahfornia Department of Fish and Game, 1978; Aparicio 1978); the legitimacy of//, sujfrutescens as a distinct

taxon is controversial.

Percent of Fire

Common plots where regeneration

Taxon Federal status name found Soil type strategy

Calystegia stchhinsii Brummitt endangered Stebbins"

mornm^-
glorv

0.7 gabbro' S (possibly F)

Cecmothus roderickii W. Knight endangered Pine Hill

ceanothus
6.5 gabbro S

Ch/oroga/uni graiu/i/Jonini Hoover not listed Red Hills

soaproot

10.1 gabbro' R

FrenioiUodeudrou califoniicwn endangered Pine Hill 1.4 gabbro F
(Torr.) Coville ssp. dccwuhcns llannelbush

(R. Lloyd) Munz
Galium calijornicuni Hook. & Arn. endangered El Dorado 5.0 gabbro R

ssp. siervac Dempster & Stebbins bedstraw

He/iafit/ieniuni suffrutesceus Schreib. not listed Bisbee Peak
rush-rose

0.0 not found- S?

Packera layneae (Greene) W.A. threatened Layne's 4.3 gabbro. R
Weber & A. Love butterweed serp,

meta
Wyethia reticulata Greene species of

concern

El Dorado
County mule
ears

7.2 gabbro R

woodland, 100 m- (5 m X 20 m); and for

grassland, 25 m- (2.5 m X 10 m). Rectangular
plots were used as they yield more representative

data than plots of other shapes ( Mueller- Doni-
bois and Ellenberg 1974).

A total of 148 sample plots was established

throughout the study area between July 1984 to

February 1985; vegetation and floristic data were
taken during spring and summer 1985. At the end
of the study period, only 139 of these plots

remained. Nine plots were lost due to road
building or development. Specific plot locations

were assigned using a stratified random sampling
method. This method allowed the sampling of
specific areas, in between anthropogenically
disturbed places, while i^etaining the advantages
of random sampling. A random numbers chart

was used to determine direction of travel,

distance taken to reach a specific point, and to

determine plot orientation. Specific study areas

were chosen on the basis of observed environ-

mental variation in the interest of including

significant gradients for data analysis.

Environmental data recorded at each plot

location were slope, aspect, elevation, soil texture

and rock types, soil calcium and magnesium,
disturbance, available water, and vegetation

cover. Specific slope and aspect measurements
were determined using a pocket transit. To reflect

the sun exposure, aspects were assigned numer-
ical values on a gradient from 1 to 8 with 1 (SW)
indicating maximum exposure, and 8 (NE)

indicating minimum (SW = 1, S = 2, W= 3,

SE = 4, NW= 5, E = 6, N = 7, NE = 8).

Surface estimates of soil texture were made by
rating the proportions of rock to clay and a

numerical scale was constructed to indicate a

gradient from extreme rocky outcrop (value of 1)

to soils of mostly fine silt and clay (value of 4).

Elevations were estimated at each plot location

using topographic maps. Geology substrate maps
and field identification of the rocks within each

plot were used to determine the parent material

of the soil. The U.S. Department of Agriculture's

soil surveys (Rogers 1974; USDA 1980) were
used to check field observations on rock and soil

parameters. The levels of calcium and magnesium
in the soil were determined using the Model
14855 Soil Calcium and Magnesium Test Kit

available from Hach Co., Loveland, Colorado.

Note was taken of any evidence of disturbance

due either to human activities, such as grazing or

clearing, or natural events, such as fire. Distur-

bances were recorded with regard to ( 1 ) the extent

to which they affected the plants within the plot

and (2) recentness of their occurrence. These two
factors were rated. Ratings on recentness (time)

were scaled with end points from 1 (long ago -

little or no evidence remaining) to 7 (recent -

within the last 2 yr). Extent of the disturbance

was rated from 1 (disturbance area and type

minimal) to 4 (major disturbance, all plants

destroyed). The two factors were multiplied by
each other to obtain a value for each plot.
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Observable surface water was estimated using a

scale as follows: 1 = always dry, no water nearby;

3 = near seasonal water supply, mostly dry; 5 =
near a permanent source of water, stream or lake;

and 7 = water within plot most of the year.

Differences in cover were estimated on the

basis of the total amount of plant cover present in

the three structural levels of trees, shrubs and
groundcover (herbs and grasses). The method
used for estimating cover was a modification of

methods described in the literature (Daubenmire
1974; Mueller-Dombois and Ellenberg 1974). The
cover values used in this study were: 8 = 95.1 to

100% cover; 7 = 75.1 to 95% cover; 6-50.1 to

75% cover; 5 = 25.1 to 50% cover; 4 = 10.1 to

25% cover; 3 = 5.1 to 10% cover; 2 = 1.0 to 5%
cover; 1 = <1% cover.

In addition to the measurable data gathered

for each plot, other factors were included.

""Latitude" values for each plot were assigned as

the distance in miles north from the southern-

most plot location in the study. We noted the

number of rare species found within each sample
plot. The soil survey for El Dorado Co. (Rogers

1974) rates the suitability of various sites for

general farming using the Storie Index rating

which takes into account soil profile, texture,

slope and other conditions such as drainage.

High ratings imply few restrictions to agricultural

plants while lower ratings indicate increased

limitations to farming. Since the Storie Index is

a calculation indicating a soil and plant growth
relationship, it was included in the analysis.

Depth to bedrock was also noted from the soil

survey (Rogers 1974). Table 2 lists the physical,

descriptive, and vegetation variables considered

in the study.

The Shannon diversity index (H') was com-
puted for each sample and used as a measure of

alpha diversity or the species diversity within

samples (Krebs 1999). The Shannon H evenness

index (evenness = H71og(N)) was used as a

measure of how equitable and homogeneous
species diversity was among samples. Equitability

assumes a value between 0 and 1 with 1 being

complete evenness. Diversity and evenness were

compared for each rock formation and vegeta-

tion category.

Data Analyses

Two-way Indicator Species Analysis (TWIN-
SPAN) (Hill 1979) is a classification program
which organizes plot samples into community
groups on the basis of species composition
(identity and cover) using a divisive clustering

algorithm. Plots with similar associations are

grouped together by TWINSPAN and the

program organizes species on the basis of their

affinities for these groups into plant associations.

We analyzed our data using a FORTRAN

version of TWINSPAN and that ran on a

main-frame computer (Alcor) at the University

of California, Davis in 1985.

Canonical Correspondence Analysis (CCA
here after) is a constrained ordination technique

that finds axes of the greatest variability in

community composition for a set of samples

(ter Braak 1986; ter Braak and Smilauer 2002).

Community composition is defined by the

number, identity, and abundance of species.

CCAuses weighted averaging to search for the

best explanatory variables where species abun-
dances are the weights. Assuming the species

have unimodal responses for the explanatory

variables, weighted averaging is the simplest way
to find the species optima (i.e., species scores) for

those variables. A preliminary detrended corre-

spondence analysis (DCA) by segments was used

to assess segment length of gradients using

CANOCOfor Windows (Hajek et al. 2002; ter

Braak and Smilauer 2002). The DCA showed
that gradients were 5.20 standard deviations long

and thus were conducive to unimodal methods
such as CCA(Leps and Smilauer 2003). As well,

data diagnostics were performed to access the

assumption of unimodal response of the species

data to the explanatory variables.

The CCA program CANOCO(Leps and
Smilauer 2003) was used to arrange all plant

species along the measured environmental gradi-

ents. The quantitative and nominal environmen-

tal variables we used are listed in Table 2. Species

cover class values were backtransformed to

percent cover using the midpoint value of the

cover class and then were log transformed (plus a

constant of one) because of the many zero values

in order to remedy the positive skew in frequency

distribution of species cover. Species with low
overall cover were downweighted in the analysis

to reduce the undue influence of these rarer

species on the CCA (Fig. 2). This influence

occurred because many of the low cover species

co-occurred in samples with a few more common
species (ter Braak and Smilauer 2002).

All measured and computed (e.g.. Shannon H)
environmental variables were subjected to Monte
Carlo permutation tests in CCA to provide p-

values to assess the marginal significance of each

variable individually. The conditional effect of

each variable was assessed as each was added to a

model during forward selection to explain total

variation in community structure. During this

process, multicolinearity was detected among
several of the variables causing a slight arch

effect in the CCA biplots. A correlation matrix

was generated and sorted using the CORR
procedure in SAS software for all environmental

variables in order to identify redundant environ-

mental variables (SAS Institute Inc. 2004). Any^

pairwise correlation exceeding 0.60 resulted in the

selection of the most objective and ecologically
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Table 2. Variables Selected by Forward Selection and Tested by Monte Carlo Permutation. The
variable codes were used in the CCAbiplots. The marginal effect (X^) for each variable is a measure of the variance

each explains when that particular variable is the only environmental variable used. The variables were categorized

as abiotic or biotic for variance partitioning (see text for details). ' Designated as nominal variables, all others are

quantitative. - Variables not selected by MonteCarlo simulation.

Variables Code 1A] Deimition or how measured:

ABIOTIC
Aspect Aspt 0.13 measured with a Brunton pocket transit

Bedrock Bdrk 0.1

1

depth to bedrock

Ca/Mg- Ca/Mg chemically tested soil values in situ

Disturbance Dist 0.25 numerical assessment of degree and recency of disturbance

Elevation Elev 0.13 estimated from 7.5 min. topographic maps
Latitude Lati 0.1

1

distance north from southernmost plot in miles

Gabbro' OaDD f\ 1 0U. 1 z nominal variable designates gabbro rock formation sites

Serpentine' berp U. 1 / nominal variable designates serpentine rock formation sites

Granite' Gran A 1 A
0. 1 0 nominal variable designates granite rock formation sites

Metamorphic' Meta A AO0.09 nominal variable designates metamorphic rock formation sites

olope oipe u. 1 / measured with a Brunton pocket transit

oon L.a n r>Qu.uv chemically tested soil Ca in situ

Storie index otor yj.jyj index of agricultural suitability

Surface i ext u.zu soil texture field estimate

Water rlzU U. 1 / availability of surface water in or near plot

BIOTIC
Cover Covr 0.19 percent of plot area covered by all plants estimated visually

Diversity Dive 0.28 #families/#species

Evenness Even 0.16 calculated as H71n(Exot + NatS)
Groundcover GrCov 0.31 percent of plot covered by forbs estimated visually

Height- Height estimate of overall plant height

Exotic species Exot 0.40 number of introduced species

Native species Nats 0.38 number of native species

Tree cover TrCov 0.46 percent of plot covered by trees estimated visually

Rare species Rare 0.20 number of rare species

Shade- Shade estimate of coverage at 5 dm height

Shannon H' Shan 0.23 calculated as H' (Krebs 1999)

Shrub cover ShCov 0.58 percent of plot covered by shrubs estimated visually

Unique species Uniq 0.13 species found in only a single plot

Chaparral' Chap 0.48 nominal variable designates chaparral sites

Grasslands' Gras 0.51 nominal variable designates grassland sites

Woodland' Wood 0.45 nominal variable designates woodland sites

meaningful variable of the pair, and elimination

of the other correlated variable with the exception

of two pairs of important explanatory variables

that had correlations exceeding 0.8: ground cover
was correlated with grasslands, a nominal site

variable, and tree cover was correlated with

"Woodland", also a nominal site variable (both

correlations >0.80). The remaining explanatory

variables were subjected to another forward
selection and Monte Carlo permutation to

remove those variables that did not explain

significant portions of the overall variance singly

without the influence of any other variable. These
variables were highly unlikely to contribute to an
overall explanatory model of species variability

among the sites. Multicollinearity was not
detected in subsequent CANOCOanalyses with
the final set of environmental variables. In a final

CCA analysis, significant variables were identi-

fied and their conditional P-values estimated by
Monte Carlo permuation.

0 25 50 75 100 125 150 175 200 225

Species rank (based on %cover)

Ftg. 2. Down-weighting scheme used for CCA, where
a weight of 1 means the species carries its original

influence on the ordination and lower weights reduce

less frequently occurring species undue influence on the

analysis (see ter Braak and Smilauer 2002). Species were

arranged on the X-axis from most frequent on the left

to least frequent on the right.
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The final CCAdiagram of species scores with

biplot scaling, and biplot scores of the quantita-

tive variables and centroid scores of the nominal
variables were interpreted for community struc-

ture (Leps and Smilauer 2003). Multiple CCAs
were run to partition the total variance into

separate 'biotic' (B) factors (plant cover, species

numbers, etc.) and 'abiotic' (A) factors (soil

calcium, soil type, water availability, etc.; Ta-
ble 2) (Legendre 2007). We did this to see how
much of community composition was determined

by site characteristics such as resource availability

(A), by plant-plant interactions (B) and how
much was shared between these two categories

(C). Weestimated the A, B, and C fractions using

five partial constrained ordinations. From these

five analyses we were able to decompose the total

variance in the species data set into abiotic,

biotic, and shared sources of explained variance.

Variance decomposition was performed where
the two spatially explicit variables, longitude and
latitude from UTMdata were partitioned from
the remaining environmental variables (Legendre

et al. 2005). This decomposition was done to

assess for differences in spatial (beta) diversity.

Results

Floristic Content of the Study Area

Over one thousand plant specimens were
collected on numerous trips to the region. The
fmal list of plants from the entire study area, on
and off gabbro, is a composite of species

identified by various individuals working in the

area (Appendix 1). The list includes 741 distinct

taxa (including 91 subspecies or variaties, 8

species of ferns, and 3 species of mosses) in 376

genera, representing 91 families. The families

with the most taxa were Asteraceae (108 species

and subspecies), Poaceae (71 ), and Fabaceae (58).

During the plot study, 342 species and varieties

were identified within the plot borders (Appendix
1). The taxa found in the plots belonged to 216
genera that occurred within 66 vascular plant

families; 267 (approximately 78%) were Califor-

nia natives. The mean number of plants found in

each plot was 24, and the mean percentage of

California native taxa occurring throughout all

plots was 64.1% (Table 3). Wefound 219 species

in ''Woodland" areas, of which 76% were native

species. One "Woodland" plot, 100 m- in size,

contained 61 species of plants. The chaparral

contained 190 species, of which 76% were native.

Within the "Woodland" areas, serpentine and
gabbro had the highest levels of natives at 96%
and 81%, respectively. On the other hand, only

36% of the 149 species found in grassland were
native species according to Hickman (1993).

Serpentine grasslands, however, had a greater

proportion of native species (66%) than non-

Table 3. Numerical Distributions of the Study
Area's Flora as Sampled by the Stratified
Random Plot Study. Number in parentheses is the

number of plots in the category.

Categories Values

A. Overall taxa distribution Number of taxa

All plots (139) 342
Gabbro plots (80) 253
Serpentine plots (17) 141

iViClclllUJl JJlllU ctllti glclllllC ZZJ

plots (42)

Grassland plots (38) 149

Woodland plots (38) 219
Chaparral plots (63) 190

B. Gabbro soils only Number of taxa

Grassland gabbro plots (22) 85

Woodland gabbro plots (22) 145

Chaparral gabbro plots (36) 150

C. Species densities Mean taxa per plot

All plots 24

Chaparral plots 21

Grassland plots 20
Woodland plots 35

Gabbro plots 26
Metamorphic plots 23
Granite plots 20
Serpentine plots 24

D. Percent native taxa Mean percent per plot

All plots 64.1

Chaparral plots 75.5

Grassland plots 36.1

Woodland plots 76.3

Gabbro plots 64.0

Metamorphic plots 62.5

Granite plots 37.2

Serpentine plots 76.4

serpentine grasslands. The 100 most frequently

encountered species in the plots, which included

rare species Calystegia stehbinsii Brummitt, Cea-

notlms roderickii W. Knight, Chlorogalum grand-

iflorum Hoover, and Wyethia reticulata Greene
along with the three other listed species {Fremon-

todendron califomicum (Torr.) Coville ssp. de-

cwuhens (R. Lloyd) Munz, Galium califomicum

Hook. & Arn. ssp. sierrae Dempster & Stebbins,

and Packera layneae (Greene) W.A. Weber and
A. Love) are listed in Table 4 with their 4-letter

species codes.
||

The low-growing native herb Galium porrigens
\

Dempster was the most common species found

(Table 4) and grew in over 80% of the "Wood-
land" and shrub plots, but was never found in

grasslands (Table 5) while the exotic grasses Aira

caryophyllea L. and Bromus madritensis L.

occurred in about 80 plots and were found in

all three community types (Tables 4 and 5). The
shrubs with the highest frequency and cover were

native species Arctostaphylos viscida Parry andi
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Adenostonia fascicukitwn Hook. & Arn. (Table 4)

which were found in ca. 75% of the "tall,

closed-canopy chaparraE' and "Woodland''
plots, and on all soil types, but were never

found in grassland (Table 5). The tree with the

highest frequency and cover was the native

oak Quercus wislizenii A. DC, a dominant
species of "Woodland". It was frequently found
in shrub plots and was also found in a few

grassland plots.

Classification

Based on their floristic composition, the 138

plots were classified by TWINSPANinto three

main communities: "Woodland", Shrub, and
"Grassland". Table 5 lists the classification of

the 100 most common species although the

analysis was run using all 347 species and
varieties. "Woodland"-type communities were

generally found on non-serpentine soils. Within

the "Woodland" community types, TWINSPAN
further delimited "Blue Oak Savanna", a com-
munity dominated by Quercus douglcisii Hook. &
Arn. and mostly-native forbs; "Woodland", a

native-species rich community characterized by
high diversity of trees, including the oaks Quercus

wislizenii and Q. kelloggii Newb. and Ponderosa
pine {Pimis ponderosa C. Lawson), vines includ-

ing native honeysuckles (Lonicera spp.) and
abundant poison-oak (Toxicodendron diver siloha

(Torr. & A. Gray) Greene), and native grasses,

forbs, and bulbs; and a "Chaparral-Woodland"
transitional community type that was character-

ized by the shrubs toyon {Heteronieles arbutifolia

(Lindl.) M. Roem.), redbud {Cercis occidentcdis

Torr.) and coffee berry {Rhanmus foment ella

Benth. ssp. crassifolia (Jeps.) J. O. Sawyer), and
Foothill pine (Pinus sabiniana Douglas) species

which also grew on serpentine soils. WyetJiia

reticulata, a species of concern, was included in

the main "Woodland" group, near the "Chapar-
ral-Woodland" transition group.

The Shrub-dominated communities were
found on all soil types including serpentine.

Shrub communities were divided into "Short-

Chaparral" dominated by native low-growing
shrubs, forbs, and grasses - a high proportion of

which were found growing on serpentine soils;

"Tall, Closed-Canopy Chaparral" dominated by
the shrubs Adenostonia fasciculatum Hook. &
Arn. (chamise), Arctostapliylos viscida Parry

(manzanita), the low growing Salvia sononiensis

Greene, and the rare species Ceanothus roderickii

and Chlorogalum grandifloruni.\ and openings in

chaparral, "Open Chaparral, where the exotic

grasses Vulpia myuros (L.) C. C. Gmel. and Aira

caryophyllea L. were commonly found. Both of
these grasses had high occurrence in all three

main community types.

In the "Grassland" community type, 80% of

the most frequently encountered species were
exotic. "Grasslands" were dominated by exotic

annual grasses, especially the brome grasses

(Bro/nus spp. ), oats {Avena spp. ), and exotic forbs,

especially Hypochoeris spp. and Erodiuni spp.

Results of CCAof the Pine Hill Vegetation

Shrub and Tree Cover (quantitative variables)

and community classifications (nominal vari-

ables) explained the highest amount of variance

in the CCA when we evaluated the marginal
significance of each variable individually (Ta-

ble 2). Serpentine was the only soil type that

explained much variation (Table 2). The condi-

tional effect of each variable was assessed as each
was added to a model during forward selection to

explain total variation in community structure

(Table 6). The final model that resulted from
forward selection found the Shrub and Tree cover

variables to have the highest conditional effects

(X/^ = 0.58 and 0.45, respectively) and thus were
the first variables to be included in the multivar-

iate model (Table 6). The Serpentine variable was
the only abiotic variable (and only rock forma-
tion) found to have a moderately high condition-

al (X/^ = 0.15) effect relative to the biotic

variables, followed by elevation, surface texture,

and degree of disturbance (^a = 0.09, 0.08, 0.08,

respectively).

The first two axis of the CCAbiplot depicted

three main clusters around variables that gener-

ally describe communities dominated by grass-

land, chaparral, and woodland species (Fig. 3).

There was a smaller cluster of species scores

situated between the "Woodland" and chaparral

clusters. The tree, shrub and exotic species

variables had the longest arrows in the CCA
biplot, and were therefore most strongly related

to community structure. The first CCA axis (x-

axis) was dominated by information contained in

exotic species numbers to the right (rExoSp -ccai
= 0.73) and shrub cover to the left (rshcov-ccAi =
—0.91) (Fig. 3), and separated the open grass-

lands and blue oak and valley oak savannas from
shrub and tree dominated woodlands and shrub-

lands. The shrub species were most often native

shrub species (r shCov-Nats = 0.74). The second

CCA axis (y-axis) was dominated by tree cover

(iTrCov-ccA2 = —0.91) and "Woodland" sites

(rwood-ccA2 = —0.89) in one direction, and
chaparral sites (rchap-ccA2 = 0.63) in the other

direction, and separated the chaparral from
"Woodland".

The proximity of species in the CCAbiplot was
indicative of their co-occurrence in the samples

and aggregations of species were sorted into

communities (Table 7). The species with the

highest cover observed in this study, Adenostonia

fasciculatum (ADFA) is most closely associated
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Table 4. Study Characteristics of the One Hundred Most Frequent Taxa in the Study, Which
Included Rare Taxa CERO, CHGR, and WYRE,Plus Four of the Rare Taxa, CAST, FRCA, GACA,
ANDPALA. Taxa are listed by their four-letter codes. Rare species are denoted with an asterisk.

Taxon Number of Average
code Taxon Family plots cover (%)

ACMI Achillea millefolium L. Asteraceae

ADFA Acienostoma jasciculatiim Hook. & Arn. Rosaceae 60 16.8

AECA Aesculus califormca (Spach) Nutt. Hippocastanaceae
AETR Aegilops triimcialis L. Poaceae
AICA Aira caryophyllea L. Poaceae 80 1.5

ARVI Arctostapliylos viscida Parry Ericaceae 72 13.6

AVBA Avena barhata Link.. Poaceae 43 2.4

AVFA Arena fa tua L. Poaceae
BAPI Baccnans pilulans UC ssp. consangumea (UC.) C.B.

Wolf
Asteraceae

BRDI Bromus aiamtrus Roth Poaceae 37 5.1

BRDS Bracliypoaium aistachyon (L.) P. Beauv. Poaceae
BREL Brodiaea elegans Hoover Liliaceae

BRHO Bromus liordeaceus L. Poaceae 56 8.7

BRLA Bromus laevipes Shear Poaceae
BKMA Bromus madritensis L. Poaceae 79 1.9

BRMI Briza minor L. Poaceae
BRST Bromus sterilis L. Poaceae
CAAL Briza minor L. Liliaceae 51 0.3

CABR Care.x bramerdu Mack. Cyperaceae
CAOL Lardamme oligosperma 1 on. & A.Gray Brassicaceae

*CAS 1 Calystegia stebbmsu Brummit Con vol vulaceae

CECU Ceanotluis cuneatus (Hook.) Nutt. Rhamnaceae
CEGL Cerastium glomeratum Thuill. Caryophyllaceae

CELb Ceanothus lemmonii Parry Rhamnaceae
CEOC Cercis occidentalis lorr. Fabaceae
CEPA Ceanothus palmer i Trel. Rhamnaceae
*CERO Cenothus roderickii W. Knight Rhamnaceae
*CHGR / / 7 J '11 T TChlorogalum grandiflorum Hoover Liliaceae

CHrO Chlorogalum pomeridiatuim (DC.) Kunth Liliaceae

CLLA Clematis lasiantha Nutt. Ranunculaceae
CLPE Claytoma perfohata Donn ex Willd. Portulacaceae

CYEC Cynosurus echinatus L. Poaceae
Dichelostemma capitatum Alph. Wood Liliaceae

DIMU Dichelostemma multilflorum (Benth.) A. A. Heller Liliaceae

DIVO Dichelostemma volubile (Ivellogg) A. A. Heller Liliaceae

ELGL Elymus glaucus Buckley ssp. Jepsonii (Burtt Davey)
11Gould

Poaceae

ELMU hlymus multisetus (J.G. Smith) Burtt Davy Poaceae
ERCA Eriodictyon californicum (Hook. & Arn.) Torr. Hydrophyllaceae
ERCl Erodium cicutarium (L.) L'Her. ex Alton Geraniaceae

ERLA hriophylhim lanatuni (Pursh) rorbes var. grandiflorum

(A. Gray) Jeps.

Asteraceae

ERBR Erodium hrachycarpum (Godr.) Thell. Geraniaceae

FIGA Filago calif ornica Nutt. Asteraceae

*FRCA Fremontodendron californicum (Torr. Coville) ssp.

decumbens (R. Lloyd) Munz
Sterculiaceae

GAAP Galium aparine L. Rubiaceae 48 1 .2

*GACA Galium californicum Hook. & Arn. ssp. sierrae

Dempster & Stebbms
Rubiaceae

GADI Galium divaricatum Pourr. ex Lam. Rubiaceae
GAPO Galium porri^ens Dempster Rubiaceae 82 0.8

GAVE Gastridium ventricosum (Gouan) Schinz & Thell. Poaceae

GEDI Geranium dissectum L. Geraniaceae
GEMO Geranium molle L. Geraniaceae
HEAR Heteromeles arbuti folia (Lindl.) M. Roem. Rosaceae 66 6.4

HEMI Hesperolinon micranthum (A. Gray) Small Linaceae

HOMU Hordeum miirinum L. ssp. leporinum (Link) Arcang. Poaceae
HOVI Holocarpha virgata (A. Gray) D.D. Keck Asteraceae

HYGL Hypochaeris glabra L. Asteraceae 41 0.5

HYRA Hypochaeris radicata L. Asteraceae
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Taxon Number of Averag

code Taxon Family plots cover

IRMA Iris macrosiphon Torr. Iridaceae

LASU Lathyrus sulphureus A. Gray Fabaceae

LECA Lepechinia calyciua (Benth.) Epling ex Munz Lamiaceae
LOHI Lcmicera liispidula (Lindl.) Dougl. ex Torr. &

A. Gray var. vacillans A. Gray
Caprifoliaceae

LOIN Lonicera interrupta Benth. CaprifoHaceae

LOMI Lotus uiicrcmthus Benth. Fabaceae

LOMU Loliuni nudtiflorum L. Poaceae

LUBI Lupin us hicolor Lindl. Fabaceae

LUCO Luzula coniosa E. Mey. Juncaceae

MAEX Madia e.xigua (Sm.) A. Gray Asteraceae

MAGR Madia gracilis (Sm.) D. D. Keck Asteraceae

MECA Melica calif oniica Scribn. Poaceae

METO Melica torreyana Scribn. Poaceae

MICA Micropus ca/ifornicus Fisch. & C.A. Mey. Asteraceae

MOVI Moiiardella villosa Benth.ssp. villosa Lamiaceae
*PALA Pack era layneae (Greene) W.A. Weber & A. Love Asteraceae

PETR Peutagramma triangularis (Kaulf.) Yatsk.,

Windham & e. Wollenw.
Pteridaceae

PIPO Pinus ponderosa C. Lawson Pinaceae

PISA Pinus sabiniana Douglas Pinaceae

PEER Plantago erecta Morris Plantaginaceae

POCO Polygala cormita Kellogg Polygalaceae

QUCH Quercus chrysolepis Leibm. Fagaceae
QUDM Quercus dumosa Nutt. Fagaceae
QUDO Quercus douglasii Hook. & Arn. Fagaceae
QUKE Quercus kelloggii Newb. Fagaceae
QUWI Quercus wis/izenii A. DC. Fagaceae 40 9.9

RAOC Ranunculus occidentalis Nutt. var. eisenii (Kellogg)

A. Gray
Ranunculaceae

RHIL Rhanmus ilicifolia Kellogg Rhamnaceae 38 0.7

RHTO Rhcunnus tomentella Benth. ssp. crassi folia (Jeps.)

J.O. Sawyer
Rhamnaceae

SABI Sanicula hipinnata Hook. & Arn. Apiaceae 46 0.6

SACR Sanicula crassicaulis Poepp. ex DC. Apiaceae 40 0.7

SASO Salvia sonomensis Greene Lamiaceae 40 6.8

SIMA Sidalcea nialvaeflora (DC.) A. Gray ex. Benth. ssp.

asprella (Greene) C.L. Hitchc.

Malvaceae

SEAR Senecio aronicoides DC. Asteraceae

STME Stellar ia media (L.) Vill. Caryophyllaceae

TACA Taeniatherum caput-medusae (L.) Nevski Poaceae
TOAR Torilis arvensis (Huds.) Link Apiaceae 52 3.8

TODI Toxicodendron diversilohuni (Torr. & A. Gray) Greene Anacardiaceae 53 4.7

TRDU Trifoliuni duhiwn Sibth. Fabaceae
TRMI Trifoliuni microceplialuni Pursh. Fabaceae
TRPR Trifolium pratense L. Fabaceae
TRWI Trifolium willdenovii Spreng. Fabaceae
VINI Vicia sativa L. ssp. nigra L. Fabaceae
VIVA Vicia villosa Roth ssp. varia (Host) Corb. Fabaceae
VUHI Vulpia myuros (L.) C.C. Gmel. var. hirsute Hack. Poaceae
VUMY Vulpia myuros (L.) C.C. Gmel. Poaceae 72 2.4

VUPA Vulpia microstacliys (Nutt.) Munro var. pauciflora

(Scribn. ex. Beal) Lonard & Gould
Poaceae

*WYRE Wyethia reticulata Greene Asteraceae

with the cluster "Chaparral 1" (Yellow group in

Figure 3; Table 7). Additional shrub species in

"Chaparral 1" include Arctostaphylos visckia

(ARVI), Ceanothus lemmonii Parry (CELE),
and Quercus dumosa Nutt. (QUDM) and low-

growing Salvia sonomensis (SASO). Four rare

species were most abundant in the "Chaparral 1"

cluster and closely associated with each other;

Calystegia stehhinsii (CAST), Ceanothus roder-

ickii (CERO), Chlorogcdum grcmdiflora (CHGR),
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Table 5. Summary of TWINSPANClassifications the 100 Most Frequently Encountered Plant
Taxa. The listing is arranged into the three main TWINSPANcommunity types (WOODLAND,SHRUB,
GRASSLAND). The three right-hand columns contain the frequency (percentage of plots) of taxa found in shrub-

dominated, tree-dominated and open, grassland type plots: frequencies in bold text are plants characteristic of the

main community type. Within the main types, TWINSPAN community sub-types are delimited. Species

abbreviations as in Table 4. Underlined species are those that occurred in ca. 10% or more plots in each main
community type. Plants with an asterisk are rare species among the top 100 species. Plant names followed by
''Serp" were found in serpentine plots.

IN cl Live/ llILl KJSJ. LlV^CCl Lite form Shrub plots VV WVJVJ^ldllU^ ^H^lo VJ 1 do&lClllVJ. ]J1L^L?>

WOODLAND
Blue Oak Savanna

MAGRSerp N forb L6 31.6 5.3

TRWI Serp N forb 7.9 15.8 7.9

QUDOSerp N tree 3.2 55.3 21.1

GAAPSerp I forb 7.9 84.2 18.4

CLPE Serp N forb 3.2 31.6 10.5

RAOC N forb 34.2 2.6

CAOLSerp N forb 4.8 23.7 2.6

CYECSerp I grass 4.8 78.9 10.5

SACRSerp N forb ILl 78.9 5.3

TOARSerp I forb 12.7 92.1 18.4

AECA N tree 1.6 26.3

CLLA Serp "NT
JN 16 ICO

QUCHSerp N tree 7.9

QUWISerp N tree 19.0 71.1 2.6

DIVO Serp N bulb 3.2 57.9 2.6

BRLA N grass 52.6

FT OT N grass 68.4 2.6

LASU N forb 2.6 7.9

LOHl N vine 39.5

LOIN Serp N vine 3.2 36.8

LUCO N forb 68.4

SIMA N forb 1.6 36.8

ACMI N loro 39.5

IRMA Serp N forb 3.2 44.7

PIPO N tree 23.7

QUKE N tree 52.6

TODI Serp N vine 23.8 92.1

MECASerp N grass 12.7 47.4
^ WY RE "NT

JN forb 4.8 18.4

C^ A t>K "NTJN forb 6.3 15.8

MOV1
"NT
JN forb 7.9 28.9

Chaparral-Woodland Transition

CAAL Serp N bulb 47.6 73.7

CEOC N tree 9.5 23.7

HEARSerp N shrub 44.4 71.1

RHTOSerp N shrub 23.8 31.6

BRDS I grass 7.9 10.5

PISA Serp N tree 23.8 26.3

PETR Serp N fern 19.0 28.9

SHRUB
Short Chaparral

BRMASerp I grass 69.8 65.8 13.2

SABI Serp N forb 39.7 36.8 15.8

BAPI N shrub 12.7 15.8 2.6

VUPASerp N grass 19.0 13.2 2.6

CEPASerp N shrub 4.8 2.6

CHPOSerp N bulb 15.9 26.3

GAPOSerp N forb 81.0 84.2

METOSerp N grass 9.5 18.4

RHIL Serp N shrub 30.2 44.7

ELMUSerp N grass 17.5 13.2

ERLA Serp N forb 20.6 15.8
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Plant taxa Native/ Introduced Life form Shrub plots Woodland plots Grassland

IN snru b 28.9

forb 9 5 18.4

Tal Closed-Canopy Chaparral

CECUSerp N shrub 7.9 5.3

ADFASerp N shrub 76.2 18.4

ARVI Serp N shrub 74.6 55.3

FIGA Serp I forb 14.3 2.6

GAVESerp I grass 54.0 l.O

LECA N shrub 27.0

MAEXSerp N forb 30.2 Z.O

QUDMSerp N tree 15.9 n Q

DIMU Serp N bulb 23.8 J.

5

j.i
XT shrub 10.5
XTIN shrub 2.6

* c x> XTIN DUID 77 7

XT shrub 70 f\

rlt-ivii oeip XTIN roi D

SASO N forb 58.7 5.3

Open Chaparral

\/T T^/rv Qf=rt->V u ivi 1 oerp T
1 grass 66.7 7/1 7 AA 1

C\ A vw T
i forb 19.0 J.

5

oerp T1 grass 77.8 78 Q

ivin^/\ oerp XT forb 14.3 7 f>.Z.O

rLtK. i^erp XT forb 12.7 7 Q

GRASSLAND
LOMI Serp N forb 11.

1

5.3 18.4

DICA Serp N bulb 20.6 10.5 31.6

HYGLSerp I forb 25.4 5.3 50.0

HYRASerp I forb 11.1 21.1

VINI I forb 10.5 42.1

BRHOSerp I grass 15.9 23.7 97.4

ERCI I forb 1.6 39.5

HOMUSerp I grass 26.3

LUBI Serp N forb 50.0

TRDUSerp I forb 1.6 44.7

TRPRSerp I forb 1.6 5.3 57.9

AETR Serp I grass 1.6 2.6 44.7

AVFA Serp I grass 13.2 52.6

BRDI I grass 26.3 68.4

ERBRSerp I forb 1.6 81.6

GEDI Serp I forb 7.9 55.3

LUMUSerp I grass 5.3 39.5

BREL N bulb 4.8 18.4 60.5

TACA grass 2.6 50.0

VUHI Serp I grass 6.3 2.6 13.2

HOVI N forb 18.4

VIVA forb 2.6 18.4

BRMI grass 1.6 18.4 34.2

CEGL forb 3.2 28.9 34.2

GEMO forb 1.6 21.1 31.6

AVBASerp grass 22.2 39.5 36.8

BRSTSerp grass 31.6 21.1

STME forb 21.1 28.9

TRMI N forb 9.5 21.1 23.7

plots

and Frcmontodendron califomicum ssp decumbens
(FRCA) (Table 8). ^'Chaparral V was found on
southerly facing slopes ("Aspt'') and was associ-

ated with soils derived from serpentine and
gabbro that were rocky ("Text"), dry ("H20"),

and CA-poor ("CA") but moderately deep
("Bdrk").

A second high diversity shrub-dominated
cluster - "Chaparral 2" (Blue group Fig. 3;

Table 7) - was located in CCA space between
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Table 6. Results of Forward Selection in

Order of Variable Inclusion into the Final
Model. The conditional effects (Xa) are the

additional variance explained by that variable upon its

inclusion into the model. All variables contributed

significantly to the model (P-value < 0.05). Variable

codes follow Table 2.

Variable P-value F ratio

Adenostoma-Arctostaphylos "Chaparral 1" and
the "Woodland" communities. Species that char-

acterize "Chaparral 2" were shrubs Heteromeles
arbutifolia (HEAR), Cercis occidentalis (CEOC),
and Rhaninus tomentella ssp. crassifolia (RHTO);
the sedge Car ex brainerdii Mackensie (CABR),
and two rare species, Packera layneae (PALA)
and Wyethia reticulata (WYRE). Foothill Pine,

Pinus sabiniana (PISA) was placed between
"Chaparral 2" and "Woodland" (Fig. 3). Envi-

ronmental variables associated with "Chaparral
2" included steeper slopes than "Chaparral 1", but

with more moderate (non-southerly) aspect and
higher water availability. This group was strongly

associated with other native species, and negative-

ly associated with disturbance, exotic species, and
the "Grassland" cluster. Both shrub clusters were
associated with higher numbers of families per

species ("Dive") than the "Grassland" cluster

which was dominated by species in Poaceae.

The "Woodland" cluster (Red group in Fig. 3;

Table 7) was associated with north facing slopes,

the presence of water, and shallow, metamorphic-
or granite-derived soils with high calcium and few
surface rocks. Not surprisingly, it was associated

with high tree cover ("TrCov"), and high total

cover ("Covr"). This cluster was associated with

high species diversity ("Shan"), especially native

species ("NatS"), and species diversity was homo-
geneous among plots ("Even"). "Woodland" was
negatively associated with disturbance ("Dist").

om^ov U.JO u.uuz 1 A nn

1 ri^ov fiU.'+J U.UUz 1 1 AQ
I I .'4-0

iNaio n 1

Q

u.uuz J.UO

kjCI p 0 1 S 0 on?

Chap (\ lA u.uuz

XJniq n 1

0

w.iz Al

ciev n HQ Z.OD

1 exL U.Uo z.zo

L'lSI VJ.VJo u.uuz Z..z.y

Lati 0.07 0.002 2.16

Dive 0.07 0.002 2.12

Rare 0.07 0.002 2.10

Stor 0.07 0.002 2.00

GrCov 0.06 0.002 1.96

Gabb 0.06 0.002 1.83

Bdrk 0.06 0.002 1.75

Exot 0.05 0.002 1.74

Wood 0.06 0.004 1.72

Slpe 0.05 0.004 1.66

Cov 0.05 0.004 1.67

CA 0.05 0.002 1.60

Shan 0.05 0.026 1.33

Even 0.04 0.018 1.40

Gran 0.05 0.018 1.62

CAST

TACA

TRPR /
Dist \ rRdu

APT^^
y/y/\ ALOMU

Gras

At'OVI

ERBR

AGEDI
^AETR

ABRDl

ExoS

Nats

TODI
SACR
QUWI

QUKE
CEIN

TrCov

Covr

^ QUDO BRSr

\0AR ^Q^LO

GrCov

-LO LO
Fig. 3. First two canonical correspondence analysis (CCA) axes depicting biplot scores of the 50 most abundant
species (hollow triangles), quantitative (arrows), and nominal (filled triangles) environmental variables. The four

clusters of species associations are those corresponding to sites with many introduced species (green), to woodland
sites (red), to chaparral type 1 sites (yellow), and to chaparral type 2 sites (blue). See Table 4 for species

abbreviations list and Table 2 for list of factors and their abbreviations.
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Table 7. The Four Clusters of Species Associations Based on Chi Square Distances from the CCA
ON 104 Taxa (Colors as in Fig. 3). Taxa abbreviations as in Table 4. The rare taxa are in bold text. The lower

case letters following taxon abbreviations in Chaparral 1 and 2 refer to fire regeneration mechanisms: f =
facultative seeder, r = obligate resprouter, r? = potential to resprout suggested by underground perennating

structures, s = obligate seeder. (Anderson 1991; Keeley 1991; Hickman 1993; Franklin et al. 2004;

personal observation).

Cluster 1 grassland Cluster 2 Cluster 3 chaparral 1- xeric Cluster 4 chaparral 2

-

(green) woodland (red) seeders (yellow) mesic resprouters (blue)

AETR HYRA ACMI LUCO ADFA-f CHGR-r HEMI CAAL-r
AVBA LOMI AECA MAGR AICA CHPO-r LECA-s CABR-r?
AVFA LOMU BRLA PEAZ ARVI-s DIMU-r MAEX CAOL-r?
BRDI LUBI BRST PIPO BAPI-r ELMU MICA CEOC-r&s
BREL SIMA CLPE PISA BRDS ERCA-r POCO CLLA
BRHO TACA CYEC QUCH BRMA ERLA QUDM-r HEAR-r
BRMI TRDU CYGR QUDO CAST-s FIGA RHIL-r MECA-r?
CEGL TRMI DIVO QUKE CECU-s FRCA-f SABI METO
DICA TRPR ELGL QUWI CELE-s GADI SASO-f MOVI
ERCI TRWI GAAP RAOC CEPA GAPO VUMY PALA-r
GEDI VIHI GACA SACR CERO-s GAVE VUPA PETR-r?
GEMO VINI IRMA SIMA RHTO-r
HOMU VIVA LASU TOAR SEAR-r?
HOVI VUHI LOHI TODI WYRE-r
HYGL

Plants found in this cluster included trees such as

the oaks (Quercus sp; QUWI, QUKE, QUCH,
QUDO, QULO), Aescidus californica (Spach.)

Nutt. (AECA), and Pinus ponderosa (PIPO), vines

such as Toxicodendron diversiloba, and low
growing forbs such as Galium spp. including the

rare G. californicum ssp. sierrae (GACA).
Many of the exotic species such as annual

grasses Avena fatua L., Bromus dicmdrus Roth, B.

hordeaceous L., Lolium midtiflorum L., and
Taeniatherum cciput-meduscie (L.) Nevski (AVFA,
BRDI, BRHO, LOMU, and TACA) and forbs

Trifolium dubium Sibth., T. pretense L., and
Erodiwn brachycarpimi (Godr.) Thell. (TRDU,
TRPR, and ERBR) occurred in the "Grassland"
cluster and were top ranked along the distur-

bance arrow (Green group Fig. 3; Table 8).

""Grassland" was associated with granitic soils

on generally level sites, and was highest rated for

agriculture according to the Storie Index.

"Grassland" was negatively associated with
shrub cover, plant family diversity, and rare

species and strongly associated with Exotic

Species ("ExoS"),

Since one of the initial goals of this study was
to investigate the existence of plant communities
that included rare and endangered plants living

upon relatively unique soils, special attention was
given to plots that included rare species. Within the

plot study, only 19 plots possessed rare taxa; all of
those were located in either chaparral or woodland
areas of gabbro soils. None of the rare plant

species was found in the "Grassland" cluster

(Table 7). Of the rare taxa, Ca/ystegia stebbinsii

(CAST), Ceanothus roderickii (CERO), CJdoro-

galum grandiflorum (CHGR), and Frenumtoden-
dron californica ssp decumbens (FRCA) were most

abundant in the "Chaparral 1" cluster and closely

associated with each other. Galium californicum

ssp sierrae (GACA) was found in the "Wood-
land" cluster adjacent to "Chaparral 2". Packera
layneae (PALA) and Wyethia reticulata (WYRE)
were more abundant in the "Chaparral 2" cluster.

Variance partitioning of biotic sources of vari-

ance from abiotic sources revealed that 12.5% of

the total species variation was explained by purely

abiotic factors and 18.6% by biotic factors

(Tables 8 and 9). According to peimutation tests,

both of these sources of variation were significant

(P = 0.002) and were of equal weight in explaining

variance (at the 5% level). The two categories of

variables shared 14.8% of the total species variance.

Partitioning the explanatory variables into

spatially explicit (longitude and latitude) and
the remaining environmental variables suggested

that there may be a small amount of beta

diversity among the sites. A linear model of

spatial variables explained about 1.3% of the

total species variation. An additional 1.1% of the

variation was explained jointly by spatial ar-

rangement and the remaining environmental
variables. Whereas the full model (P = 0.002)

explained a significant portion of species varia-

tion according to permutation tests, the purely

spatial sources (P = 0.054) explained only a

marginally significant portion.

Species diversity in terms of the Shannon
diversity index (H') tended to be highest on gabbro
soils and lowest on metamorphic soils, and was
highest in "Woodland" and lowest in "Chaparral"

plots (Fig. 4). Species evenness among sites was
similar within rock formation groups; "Wood-
land" and "Grassland" plots were more homoge-
neous than the chaparral plots.
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Table 8. Variance Explained by Abiotic and Biotic Factors in the Pine Hill Flora. The trace is the

sum of all canonical variables in the analysis. The F ratio and P-values were generated by Monte Carlo permutation

tests (see text for details).

Source Trace F ratio P value %variance

Abiotic ignoring biotic 1.717 3.326 0.002 27.3

Biotic ignoring abiotic 2.104 4.452 0.002 33.4

Both 2.891 3.340 0.002 46.0

Abiotic adjusted for biotic 0.787 1.818 0.002 12.5

Biotic adjusted for abiotic 1.173 2.712 0.002 18.6

Total inertia 6.290 100.0

Discussion

The Pine Hill area stands out as an ecological

island of considerable interest due to its diverse

flora, vegetation types, rare plant species, and
uncommon geology. The 731 species of vascular

plants found there and on its borders account for

more than 10% of the plant species found in the

entire state of California (6,885 species, Hickman
1993) while encompassing less than 0.05% of the

area of the entire State. Within this small area we
found a diversity of plant forms (ferns, grasses,

forbs, shrubs, vines, and trees) within three main
community types, many native species including

edaphic endemic species, a rich non-native flora,

geological and topographic complexity that

created numerous habitats, and natural and
human-caused disturbances that created tempo-
ral diversity. Any or all of these factors interacted

to produce an area about 200-fold more diverse

on average than the State as a whole.

The distributions of species were related

equally to biotic (cover, native species diversity,

etc.) and abiotic variables (serpentine soil, soil

texture, etc.). Variance in species distributions

due to spatial constraints or correlations was
small (<2% of variation), which suggests that

dispersal limitations have not played a role in

community structure at the spatial scale of the

Pine Hill gabbro intrusion although dispersal

limitations may have played a role at both larger

and smaller spatial scales (Bell 2005). TWIN-
SPAN and CCA analysis were in agreement in

identifying three basic vegetation types within the

study area. The first and most common of these

was chaparral shrublands. Overall the chaparral

of the study area was rich in terms of native

species diversity and had relatively few exotic

species. Much of the chaparral was composed of

extremely thick stands of Adenostoma fascicula-

tum (chamise) and/or Arctostaphylos viscida

(whiteleaf manzanita). This type of chaparral

occurred on south and southwest facing slopes on
gabbro or serpentine soils. A second type of

chaparral, denoted by the presence of evergreen

shrubs Heteromeles arhutifolia and Rhanmus
tomentella, and deciduous shrub/tree Cercis

occidenta/is, occurred on sites with moderate

exposure and was intermediate in our analysis

between ''Woodland" and "Chaparral.

The two main strategies by which chaparral

plants regenerate after fire are vegetative re-

sprouting and recruitment from seeds whose
germination is cued by fire. Shrubs such as

Arctostaphylos viscida and Ccanothiis cimeatus

(Hook.) Nutt. are referred to as obligate seeders

as the plants are killed by fire and the species

must regenerate from long-lived seed stored in

the soil seed bank (Keeley 1987, 1991). While the

seedlings are able to exploit the high light,

nutrient, and water availabihty of the post-fire

environment in the spring following fire, they are

then subject to severe moisture stress during the

summer drought. As a consequence, these species

have evolved higher tolerance to drought than the

seedhngs of obligate resprouters (Keeley 1998).

Obligate resprouters, such as Heteromeles arhu-

tifolia and Rhanvms tomentella, are not killed by
fire but resprout from underground structures

such as lignotubers, roots, and/or rhizomes

following fire. They do not depend on fire to

cue the germination of their seeds; indeed seeds

may be short-lived or killed by fire's heat.

However, some resprouters, such as Wyethia

reticulata (Ayres in press), may not flower until

the shrub canopy is removed and thus are

indirectly dependant on fire for sexual repro-

duction. In general, seedlings of resprouting

species are less drought tolerant than the

seedlings of seeders (Davis et al. 1998; Keeley

1998) and may require shaded, mesic sites for

seedling survival, such as under the shrub

canopy. Some species, such as Adenostoma
fasciculatum. are termed "facultative seeders" as

they employ both strategies; the plants and seeds

both survive fire and thus these species can both

resprout and germinate following fire. Based on
species response models Meentemeyer et al.

(2001) have suggested that limitations on seed

germination and seedling survival affect land-

scape patterns of shrub establishment with fire-

dependant seeding species occurring on xeric,

exposed slopes, while resprouting species are

more common on protected, mesic sites. This

interpretation is consistent with the chaparral

communities we found.
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Table 9. Variance Decomposition of the Effect
OF Abiotic and Biotic Factors on Gabbro
Associated Vegetation. Computations are based

on CCA analyses presented in Table 9 and the

components correspond to those depicted in Figure 3.

Component Source Variance Percentage

A Pure abiotic 0.787 12.5

B Shared 0.930 14.8

C Pure biotic 1.173 18.7

D Residual 3.399 54.0

Our study suggests that there are two distinct

chaparral types in what has been previously

identified as one community, "'Northern Gab-
broic Chaparral" (Holland 1986), and more
recently as the {Arctostaphylos viscida - Adeuos-

toma fasciculatum) I Salvia sonomciisis Associa-

tion (Klein et al. 2007). "Chaparral V\ dominat-

ed by chamise (ADFA) and inanzanita (ARVI)
was associated with a harsh set of environmental

conditions in the CCAand contained a distinct

set of plant species many of which respond to fire

by facultative or obligate seeding (Fig. 3, Ta-
ble 7). We termed this coinmunity ''Xeric Seed-

ing'' to denote the harsh environment and
dominant method of fire regeneration. As well,

this type of chaparral was identified and classified

using TWINSPAN as 'Tall Chaparraf' (Ta-

ble 5). "Chaparral 2", identified as a "Chaparral-

Woodland" transitional type in TWINSPAN,
was characterized in the CCAby more moderate
environmental conditions and species that em-
ploy a resprouting strategy to survive fire, e.g.,

evergreen shrub species Heteronieles avbutifoUa

(HEAR), and Rhamnus tomeutella (RHTO), and
deciduous Cercis occidentalis which both i"e-

sprouts following fire (Anderson 1991) and has

long-lived seed that survives fire. WeteiTned this

type of chaparral "Mesic Reprouting".

"Woodland", the second main woody vegeta-

tion type, appeared where the chaparral-covered

slopes came together to form a pattern of
drainage gullies and stream courses, and extended
into the lower and narrower riparian canyons of
the region. Woodland vegetation, with occasional

elements from higher elevation forest (e.g., Finns

pondevosa), followed the pattern of drainage
courses and streambeds. In addition to serving

as riparian tree cover, woodland vegetation

covered the north-facing slopes of the steeper

hills and ridges as well. A rich variety of native

plant taxa occurred in the "Woodland" and this

community had the highest Shannon's H' diver-

sity index (Fig. 4). In many wooded areas, three

structural layers or strata were found: a canopy
of overstory trees, an understory layer of shrubs
and smaller trees, and an herbaceous ground
cover. Like the chaparral, the woodland vegeta-

tion varied in density. Some areas were extremely
thick and almost impenetrable; these were

0-4

0.0 4^

• Gabbro

Metamorphic
A Serpentine

Granite

o Chaparral

Savanna
A Woodland

0 0 1.7 1 8 1.9 2 0 2.1 2.2 2 3 2 4 2 5

Shannon's diversity (H)

Fig. 4. Shannon's diversity (X-axis) and evenness (Y-

axis) for species associations based on soil (solid shapes)

and vegetation type (open shapes).

identified using TWINSPAN as species-rich

"Woodland". The upper layer of this vegetation

type was usually quite closed, providing cooler

micro-climates beneath the canopy of live oaks
and vines. Other "Woodland" types were open,

park-like meadows of native and exotic forbs

with scattered Blue Oaks (QUDO) ("Blue-Oak
Savanna", Table 5). Intermediate between
"Woodland" and "Shrubland" was a community
that contained shrubs typical of "Chaparral 2"

and included Foothill Pine (PISA) ("Chaparral-

Woodland" Transition Table 5).

In the wider, open valleys of the region, the

chaparral and woodlands gave way to the third

basic vegetation type, the grasslands. Most of the

species were common exotic annuals (e.g.. Arena
spp. Bronnis spp., Erodiwn spp., Lotns spp.,

Trifoliwu spp.. Tables 5 and 7) that germinated in

the fall and early spring, set seed, and were dead
by early summer. This species composition was
typical of what has been observed in the

Cahfornia foothill grasslands for at least several

decades (Bentley and Talbot 1948) with the

exception of more recent arrivals, Acgilops

trinncialis L. and Taeniatherwn caput-niedusae.

In the Pine Hill area, this vegetation was strongly

associated with high numbers of exotic species,

high levels of disturbance, granitic soils, little

slope and a high Storie Index. They appeared as

open sunny meadows with occasional scattered

oaks {Quercus donglasii, Q. wislizcnii and occa-

sionally Q. lohata Nee) and California buckeye
{Aescnlns californica) that provided disconnected

patches of shade. Past and current grazing

practices may maintain this vegetation type

(Bentley and Talbot 1948).

Rare Taxa of Pine Hill Area

No single location or vegetation type was
found to contain all of the rare plant species. Of
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the three basic vegetation types in the Pine Hill

area, only the exotic-dominated "Grassland''

lacked rare plant species. Calystegia stebhinsii,

Cecmothus roderickii, Galium californicum ssp.

sierrae, Fremontodendron californicum ssp decum-
bens, and Wyethia reticulata were only found on
gabbro soils, although C. stebbinsii is known to

occur on serpentine soils in Nevada County
(CNDDB 2008), and Packera layneae occurred

on three soil types (Table 1). It is not obvious

from our analyses why five rare species should be

restricted to gabbro-derived soil in El Dorado
Co. In fact, serpentine substrate played a larger

role in community structuring than gabbro in our
CCA analysis. Stringent environmental condi-

tions were associated with both rare (FRCA,
CERO, CAST) and widespread (ADFA, ARVI)
species; less stringent conditions were similarly

associated with both rare (GACA, PALA,
WYRE)and widespread species (HEAR, RHTO,
TODI). Dispersal limitation may play a role

restricting species distributions at the scale of

single habitat patches and over broader regional

scales where seed movement is infrequent (Bell

2005), but it apparently did not play a large role

at the spatial scale of our study. In short, we did

not find an explanation for the limited distribu-

tions of the rare species.

The rare species have been observed recovering

after controlled burns as well as wildfires. Studies

of recovery after fires of both types in the Pine

Hill area indicated that Ceanothus roderickii,

Fremontodendron californicum ssp. decumbens,
and Calystegia stebbinsii recover from fire

through seeds in the soil whose germination is

promoted by fire (Boyd 1987, 2007; Nosal 1997)

(Table 1). Calystegia stebbinsii, a short-lived

twining vine with a woody caudex and rhizomes,

may also be able to resprout after short-interval

fires as has been observed for C macrostegia

(Greene) Brummitt, a congener with similar

growth traits, in southern California chaparral

(Keeley et al. 2006). Wyethia reticulata (Boyd
1987; Ayres and Ryan 1997), Chlorogalum grand-

iflorum (personal observation), Fremontodendron
californicum ssp. decumbens (Boyd 1987) and
Packera layneae (personal observation) can re-

sprout from underground roots, bulbs, or rhi-

zomes after fire.

Significantly, each chaparral type contained a

different assemblage of rare species; "Chaparral
r' contained four rare species (CAST, CERO,
CHGR, FRCA) while "Chaparral contained

two rare species (PALA, WYRE). Galium cali-

fornicum ssp. sierrae (GACA) was located in

CCAspace in the "Woodland'' community near

the border with "Chaparral 2". While our results

were based on only 19 plots containing rare

species, recently Gogol-Prokurat analyzed 79

chaparral releves containing one or more rare

plants from the Pine Hill area (Gogol-Prokurat

2009). She found that releves where "Chaparral
2 " plants (e.g., CABR, CEOC, HEAR, RHTO)
were present at cumulative cover values of 3% or

higher had more occurrences of resprouting

species WYRE, PALA, and CHGR, and facul-

tative seeder FRCA than plots that did not
contain these mesic chaparral species. CEROand
CAST, obligate seeders were found predominant-
ly in xeric Chaparral type 1 releves.

Thus, the modes of regeneration of the rare

species are tied to environmental harshness and
the regeneration strategies of diagnostic com-
mon shrub species. This association is impor-
tant for the preservation of these rare plants for

the following reasons: 1) both types of chapar-
ral should be targeted for preservation as each
potentially contains a different sub-set of rare

species; 2) the search for new populations of a

particular rare species, especially those species

present only in the seed bank, may be facilitated

by looking for diagnostic shrub species; 3) while

the regeneration of populations of one or

possibly two species (CERO and possibly

CAST) requires fire, the regeneration of others

(WYRE, PALA, CHGR)may be possible with
mechanical removal of the shrub canopy to

promote flowering, and/or planting seed into

the thick litter of established stands (FRCA, see

Boyd and Serrafini 1992); and, 4) if artificial

populations are deemed necessary, the selection

of the appropriate type of chaparral for each
species may promote the success of those

efforts.

Galium californicum ssp sierrae (GACA) was
the only rare species not found in chaparral.

Much of its biology, including its mode of

regeneration following fire, is unknown. Thought
to be an oak woodland species, GACAwas
placed within the Quercus kelloggii / Arctostaph-

ylos viscida Provisional Association by Klein et

al. (2007), an association that included several of

the "Chaparral 2" shrubs identified here (e.g.,

HEAR, CEOC, and RHTO) and rare perennial

Wyethia reticulata (Fig. 3). Of note, after a 2007

fire G. californicum ssp sierra was observed

resprouting near fire-killed trunks of Q. kelloggii

trees in a community that contained resprouting

Packera layneae, W. reticulata, Heteromeles

arbutifolia, and reseeding Cercis occidentalis -

plants of or in close association to "Chaparral 2"

vegetation. This occurrence suggests that the

native community of this tiny plant may be more
like "Chaparral 2" than oak woodland.
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Appendix 1

Flora of Pine Hill, El Dorado County, California. Determination of taxa in the flora comes from the

following sources: N = Newberry (1972), R = Stebbins and Smith (1960), S = Stebbins (1978), V = Van Ess

(unpublished plant list), and W= Wilson (this paper). Determination of native (N) or introduced (I) status of

plants found in the plot study is from Hickman (1993). Occurrence of listed plants on specific substrate (Rock) is

as follows: G = found on gabbro related and possibly other soils, NG= found on non-gabbro soils only, and —
= insufficient information, substrate unknown.

Native or

Family Taxon introduced Source Rock

/-i C C / f / iCit f l/j/r I \ 1 1 Lit r I I XAV^ix N WNS V 1

Aizoaceae Cypselea Inmiifusa Turp. V NG
Aizoaceae Alol/ugo vcrticillcitu L. V V J

A 1 1 Ctrl '^ta/Alibi 1 Id IclCCclC Alisiiici picmtcigo-ciciuciticci L. WV V J

Amaranthaceae Amarauthus califoruicus (Moq.) S.Watson V G
Anacardiaceae t? Ill i V f 1^ i 1 /^^H t /I ^.TiitfIxflLiS llliOffCilU INULL. IN VV V IN K J

Anacardiaceae Toxicoclcjidyoj} ciivcrsi/ohuni (Torr. & A.CjFciy)

Grccnc
IN VV V 1 N kj IN.

rz

/ApidCCciC ^1 1 1 1 It l^L Ito t tilt C til to iVl , 131 CU

,

VN V J

Apiaceae Apiastriim angustifoliimi Nutt. vs G
Apiaceae Dqucus ccirotci L. 1 > WV

A ^M^^^'^^^^ p/A.|JlClWCClC WVN Q
ATMi1 r*F*5^ P T^i"\^n cri ] iiu T IV^ (^r^iilt ^ R \i^v i^'/il/'i1^1 \n^titf/l » t/L>C M J . IVl , V_ 111 L , LV. IV^^oC Veil. \ilttlLl/tLl Y NG

A T^l Q QP/^pidCCdC r Ui: 1 ILL UlLlt 1 1 vHlgtlfic IVllll. VXIV IN V J

A T^iiir'pcip/ApidV^CdC L^UI i ILl 1 1 III 1 1 1 1 iHL 1 ULUi ULil 1 1 ^iNLlLL. CA lUll. CV / \ . 1 dy /

T MCoiilt Rr Rose
WV V J

/\pid*^cdc L^Ur UU1 1 11/ H 1 UCll glULl I HI 1 1 ^DCllLll.^ J . iVl . V_0 Ul L. Oc rvObC IN VV V kj

A T*iii^r*p^ip/ijJldCCdC T miinfiuin i itvi il^i tmn ^NTiitt py Tr^rf A C^x'*^\i\±^Uf f iCi I ILlf f I It 1 1 It It in I Lll f I y VXVV. CA X iJl 1 . OC / V. vJl ciy )

J .iVl . V_ (J Ull . Oc IvlJSC

N W^N V J

A T^inr*p?ip/A^Jld^CdC iSi 1 lUi 1 11 ^Ll L 1 lliL 1 iCiiLi 1 lUiJlv, OC /Alll. N W NG
A rM^ir*p?ip/A^ldCCdC P^vi/^^vi/']in crriiv^ltii^fri Sj Am ^ IV/f^ttiiQCA t: 1 ILit: 1 ILilLl ^ti t f Clf Icr I yllC/Clv. CV /Al 11 . ^ iVl d Lllld^i N WV V J

Apiaceae Pcvidsvidici hclloggii (A.Gray) Mathias V i N ( ,

Apiaceae Pcvidcvidici pcivishii (J.M.Coult. & Rose) A.Nelson &
J . 1 . iVl dC L?l .

V r;
V J

A rMiir*ptip/A-L^ldCCdC t^CirliLUiCi I ' lU It If ICl I it iLKJyjF^, Oc /Alll. XIRIN rv V I

A rMiir'ptip/AlJldCCdC V/'/i'? 7/^ J///'/ hii 11 ill 11 / 1 1 a i ^i/t Tli^iirrlQC py I—^^~\/^L^isyuiitL uiu t/tpttii til 1 1/ tnii i_^DU^ids ca inuois.. IN VV VINO
A t^lCir'PQP/ApidCCdC Sciniciilci cvcissicciulis Poepp. ex DC. JN \\A/<vR f

•

V I

/A^pidCCdC Sciniculci tiibsvosci Torr. In W\/RVV V l\ ( ;V J

A rMsir'p^ip-rTL^JldV^CdC LjL(JttCtt,\ jyl::L I tft VCfttft IlI L^. T
1 VV V 1 N I\ riV J

A TMQr'PQ P/A^pidCCdC Tciuscliici J}civt\v€gii (A.Grray) J.F.lVlacbr. IN WV In o c
•

V J

Apiaceae Tovilis Grvcnsis (Huds.) Link T
1 WV / ;KJ

A T^mr'ptipA\lJidCCdC 1 ui iiici nuciijiu [ i-^- ) vjdci 111.
T
1 VV V rz

y J

Apiaceae YclhcG iiiicvocciypci (Hook. & Arn.) Koso-Pol. XTiN

/Apocyiidccdc Apocynu/71 ccinncihinuni L. XTIn w KiniNO
Apocynaceae Vuicci mcijor L. w I I

/Al IsHJKJCllldCCdC Avistolochici ccdifornicci Xorr. XI WV Tn o

Aristolochiaceae Asarimi hartwegii S.Watson N W NG
Asclepiadaceae Asclepicis covdifolici (Benth.) Jeps. XTIn WV oK. V J

Asclepiadaceae Asclepicis fcLsciculcivis Decne. WV 1

N

Asteraceae Achdlcci iitiUcjoliimi L. XTIn WV iN^K.
A Cf Pt*Q/^PdP Achyvcichcicnci tjio/lis Schauer WIn K K I

Asteraceae Agoseris grandiflora (Nutt.) Greene N WV G
Asteraceae Agoseris heterophylla (Nutt.) Greene N WVNR G
Asteraceae Agoseris retrorsa (Benth.) Greene N WVR G
Asteraceae Ambrosia psilostachya DC. WVS G
Asteraceae Anaphalis margaritacea (L.) Benth. & Hook.f. N
Asteraceae Anthemis cotula L. WVN G
Asteraceae Artemisia doiiglasiana Besser N WVNS G
Asteraceae Aster chilensis Nees N WVN G
Asteraceae Aster radulinus A.Gray N WVR G
Asteraceae Baccharis pilularis DC. ssp. consauguiuea (DC.)

C.B.Wolf
N WVNS G

Asteraceae Balsamorhiza deltoidea Nutt. N WVNR G
Asteraceae Balsamorhiza macrolepis Sharp N
Asteraceae Bid ens frondosa L. V G
Asteraceae BrickeUia californica (Torr. & A.Gray) A.Gray VNS G
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Asteraceae Ccilycadenia multigkmdulosa DC. N WVNR G
Asteraceae Calycadenia tnmcata DC. N WVN NG
Asteraceae Carduus pycnocephalus L. I wv G
Asteraceae Ceutawea nieliteusis L. I wv G
Asteraceae Centaurea solstiticdis L. I WVNSR G
Asteraceae Chaenactis glabriuscida DC. N WVN NG
Asteraceae ChamomiJki suaveolens (Pursh) Rydb. WVNSR G
Asteraceae Chondrilla juncea L. I WV G
Asteraceae Cichoriiim intybus L. WN G
Asteraceae Cirsiimi andersonii (A.Gray) Petr. R G
Asteraceae Cirsium occidentcde (Nutt.) Jeps. var. californicum

(A.Gray) Keil & C.Turner
N WVNS G

Asteraceae Cirsium occidentcde (Nutt.) Jeps. var. occidentcde V NG
Asteraceae Cirsium vulgare (Savi) Ten. VNSR G
Asteraceae Conyza canadensis (L.) Cronquist VS G
Asteraceae Ericameria arborescens (A.Gray) Greene N WVNR G
Asteraceae Erigeron foUosus Nutt. VNSR G
Asteraceae Erigeron inornatus (A.Gray) A.Gray W G
Asteraceae Erigeron pJiiladelphicus L. V G
Asteraceae Eriophylhim lanatum (Pursh) Forbes var. grandiflorum

(A.Gray) Jeps.

N WVNS G

Asteraceae Filago californica Nutt. N wvs G
Asteraceae Filago gaUica L. I WVSR G
Asteraceae Gnaphalium californicum DC. N WVS G
Asteraceae Gnaphalium canescens DC. ssp. heneolens (Davidson)

Stebbins & Keil

V G

Asteraceae Gnaphalium canescens DC. ssp. microcephcdum (Nutt.)

btebbins & Keil

WV G

Asteraceae Gnaphalium luteoalbum L. VS G
Asteraceae Gnaphalium palustre Nutt. N wv G
Asteraceae Gnaphalium purpureum L. N wv G
Asteraceae Grindelia camporum Greene N WVNR G
Asteraceae Grindelia procera Greene N W G
Asteraceae Helenium puberuluni DC. W G
Asteraceae Helianthus californicus DC. var. nevadensis (Greene)

Jeps.

VSR G

Asteraceae Helianthus annuus L. ssp. lenticularis (Douglas ex

Lindl.) Cockerell

N —
Asteraceae Helianthus californicus DC. VNS G
Asteraceae Hemizonia fitchii A.Gray N WVN G
Asteraceae Hesperevax acaulis (Kellogg) Greene N WV G
Asteraceae Hesperevax sparsiflora (A.Gray) Greene s G
Asteraceae Heterotheca grandiflora Nutt. VNS G
Asteraceae Holocarpha virgata (A.Gray) D.D.Keck N WVN G
Asteraceae Holozonia filipes (Hook. & Arn.) Greene V G
Asteraceae Hypochaeris glabra L. I WVSR G
Asteraceae Hypochaeris radicata L. I W G
Asteraceae Lactuca saligna L. V G
Asteraceae Lactuca serriola L. I WVNS G
Asteraceae Lagophylla glandulosa A.Gray WV G
Asteraceae Lagophylla ramosissima Nutt. N V G
Asteraceae Lasthenia californica DC. ex Lindl. N WVN G
Asteraceae Layia fi'cmontii (Torr. & A.Gray) A.Gray VN NG
Asteraceae Layia pentachaeta A.Gray N
Asteraceae Leontodon taraxacoides (Vill.) Merat V G
Asteraceae Lessingia leptoclada A.Gray V NG
Asteraceae Lessingia nemaclada Greene V G
Asteraceae Lessingia virgata A.Gray V NG
Asteraceae Madia elegans D.Don ex Lindl. N WVNSR G
Asteraceae Madia elegans D.Don ex Lindl. ssp. densifolia (Greene)

D.D.Keck
V G

Asteraceae Madia elegans D. Don ex Lindl. ssp. vernalis D.D.Keck V G
Asteraceae Madia exigua (Sm.) A.Gray N VW G
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Native or

Family Taxon introduced Source Rock

Asteraceae IVlClcUu CIC ills \ lMII. ; LJ.LJ. IVcCK Oc J IdUSCll CA

/AppiCgd IC

IS] vwV VV V J

Asteraceae A/f/1/ii/t in iniin/^t ( A fTf^JX/^ Ti li It ppl/'IVIUCIIH inUliniU \r\.\Ji<Xy) L/. IVCClv R V J

/\sicraceae A/f/i/'ii/'i V /ittiiii 1 1 ixfppnpIVIUCIIU f Uf/l/fiil \JICC11C N
A/fririi/i i.^uhi^'fti/'/t t/i 1^ ppVIVlCiCtlti LiUCSI/ IL LI I LI L/.L-Z-rvCCK Y V J

A/fir'vnnij V r'rili{nviii/'UK F^wph A TVIpvJ rJ / C A kJ L/Li-iJ LLtltJL/ffliLltiJ 1 loV^ll. OC V_ . / A . 1 V I ^ V • N WVNSR Q
Asteraceae Microscvis ocwiiiiiutG GrGGnc V f

,

Asteraceae Microseris sylvatica (Benth.) A.Gray V G
/-*/7/^Z'/^r// ///I rf^(^rpptTP^ W/ A \A/popr ^^tirl A T ovpJT CiL rKt / Li ILi \ r iL Lie \ VJ 1 CCI IC ^ VV . rA. V V CL^CI d llCl / v . V C N WVR (3

Joe LtLlUULif I ILi f ILL: t r r ILlr LH 1 1 \ J_-/ Lil dllLJ ^ IX y \J L/. N wv V J

AstcrHCC3^c PsiloccivpJiiis bi'cvissiiJius Nutt. VV
J iS I lUL Li I Ut lii^S it-flcliLio i^LlLL. VV o NG
ix /~t T J Ji v/iJ J 1/1 /'/i iJ / /'// ^vl liftJ\Li / IflL ^LjHlLA LLiilJ L/f rllCLt INLILL. Y V J

JXl^lUpLippLiS ILfpLULlLlLiLiiS A\.vJl dy iM wvVV V V J

Astcrcicc3.c Scuccio cu'oiiicoidcs DC KTIN WV IV f ;

kJCflCL ItJ 1 ILIL L I Li US L^Cbo. Vdl , LtLHt^iLlS ii \ L^K^ , ) D.L. 1 LllllCI

Oc 1 . iVl . J3dl ivicy

V J> V J

LCI dUCdC Ljt.ilLLlL/ \ lil^Lir li3 L^. T
1 WVNSRVV V 1 > orv V J

A Q.ff^vi^r^p'Cif^ \ki I'M rM Jill in VI /'It'll i in (\ \ 1 TCiPftti0// \ ULirti ttlLli ILit lL4.f f 1 J_^. ^ vJdCl Lll.
T1 WVN riV J

A <itpra P ^nli/i/^ioTi r'/iiiinviii/^n ^IiittkJL/ 1 ItlLi iL^y L Li t I / Lf f f 1 1 L. Li i > LI I I

.

VNSR
A <itpr^i r*p^i p Sinli/lno'/i rnimrlf^ii^i^ T /^l/uicrntrj ^7\Iiitt ^ T^ T^ T^ppVLJKy I ILiLle^iy L Lif ILtLiC f l^j i ij J—/. ooL'. \. 1 IclLI I Li yi^\Ji\.\.,f 1 . . I X. ^ V_. iV W
A CtPTCl r*PQ X

/

1 /i/'i CT/~\ /^/^/^ i /1/>T1 f /til ^ lifti^UliLiU^O (JLL ILiLfUlLillS IXLiLL. VV V J

A <itprJ1 PP^I P kjiy 1 1 VL4. ijCL>L>ittij ivuiz_i oc X Cl V . wv Q
A ^tprji ppil p Sinjirhij^ /i^rif^v ^T ^ Mill I WVNSR Q
A CtPTQPPClP \!/'^i'i /~'li 1 J ^ /^ i/yi'/'t/'/^i J TLjCJflCfiLtS (Jit: t Lit t: US L^. V<s r:V J

A ctprtippfip X //^/lAl/'l? f c It/:* f/^t'/~i /''/'/ I'll/ 1 / ^Jll1"f \ Tt^ T rl Qtn r^f=*f C^ILfUUltlSUStif IS f ici t:t (JCLif pLi V^^LILI./ rv.l^.\^ lldlllLJCl IN WV<sRVV V OIN. V J

StcphcuiOfJicvici virgcitci Bcnth. V ( ;KJ

Sty^locliuc filcigincci (A.Gray) A.Gray XTIN WV ( :

LCI dCCdC Stylocli?i€ gfiGphcilioidcs N^utt. Ww (

\

V J

A Qfpriipp^ip I /IV /^i \'/~t /'I Jin /^TTi/^in/i //^ T^ W/ifTO'
J. Li-f Ll^KLlL Lit f i Lf f 1 IL it ILl IL L .11. VV 1^^. wVV

A Qtpr^ippiip / VflCX/^ fi/^ CT/^ll /ilJrMlJK: ^>^CCW\X 1 (A^UptJ^Utl LiULJlUyS l3V^L/IJ. wVV V J

A "stpr^i pp;^ p T'v/i OTiTino'/iii nv/j t/^Ti TJ f Ll^L/ L/kJ £lL7 f I L/ f LilCrliX^ . Y G
A <itpr^i pp^ip lA/^7/yfh in niicnjvtifr\lin (Y^C^ \ TsJiittVV yt^lfULi Lifl^LiuS I iJ Ui ILi ^ J_-/v_ . y iXLJ^LL. N WVRVV V IN. V J

Asteraceae Wyethia hokmderi (A.Gray) W.A.Weber N WVSR G
VV yLlfULi fiiz it f UiJ iLtL iS \L^\^,) INLILL. VN V J

W^^j/^thi/i v/^ti ful /I t /I C^vp^f^wf^VV yLzlHlLl / t: I It UlLi I Li VJICCLIC N WVR V J

Asteraceae XcuitliiiiJii sti'iiJiicirimii L WN G
RprhpriH a ppap T^/>vh/>vi^ /'i/iuii/^liijin T^iircV* \/tir /li/^fA'>/^tri Tpt^c ^ Tpr^cUt: 1 LJt: 1 /o LiLj U I / (./i i Uf / 1 JTLiloLl Vdl. LUC I \ (J ILi \J\Zlj^.f J C IJo

.

N WVIVRVV V 1 > rv V J

Betulaceae Almis rhouihijolia Nutt. N WVNS G
Rl pp n n ;^ pp^^ p Vi/^/^/i/iMy/'iv/ii/^i T iPTi riv i/^i t /'J xlmVV UL/LiW Li 1 (aKA JirrlUflLilLi Olll. wvVV V V I

Boraginaceae Amsinckia menziesii (Lehm.) A.Nelson & J.F.Macbr. N WVSR G
Rora crin^ppap /i mV in /''L" J /~i m ^ 1 /s> V 1 1 (\ ^^rrm ^ A ^vTplc^^n Mr T T-^ \/if3r»rM''/^t f ICS it iL t\ ILi rUctl^ iLzS i 1 \ J-^Clllll . } / \ .IMCIIjL/II Oc J , 1 , iVldC Ul .

\/iit~ in t /^vm/^/ii /I F^i CPn A I\/lp\/ ^ i^c\Y^i~\f^v^Vdl. i/l I i:f rnt LiiLi \i loCll. Oc . /A. IVl Cy . ^ vJdllLlCl l!»

WVNRVV V 1 N In. V J

Bora trmappap V^''llt /111 t ll/l 1 1 / 1 /' /'^l /I / 1 ^TlOllfrll^C PY T PrlTIT ^ \ ^Vf^f^X\f^\^ 1 \ j/ 1 Lll t i t ILi 1 iLiL L ILiLi y L^KJ Libido CA _L,C11111 . ) VJ 1 CCllC VV xo
Rrvra crinappup 1 v\''tit/in f li/i 111 t /Jvm/>/ii /I ( A ixt*Q\/^ iiri*pp'MPV. r vJ/lLUllULl I / i i t 1 f f IL LI ILi \rA..\JiCiy} vJ 1 CCliC "NT VV V J

Bora CJinappap vy''fit/^in tli/^i mi/'v/iii f Ii/i C^Vt^rr \ T \A T/^nctf \ j^i Lin 1 1 ILI n I iL 1 LiU I nci y i yji v . } i, ivj , j vjlij> l .
WVV V I

Boraginaceae Cryptcmlha muricata (Hook. & Arn.) A.Nelson &
T P IVIapKrJ . 1 . iVl dC Ul .

N w NG

Rora CTinappap f v^^ fit /^iii f li/i ini tvi /^/i t /'t ^ 1—1 Ji.7 A t*n ^ A ^vlplc/^n Jiry^r \JJlUHtHU IHHf ICUIU ^ri(JUJV. OL r\lll.} /A.IMCIsOII Oc

J.F.Macbr. var. deuticulata (Greene) I.M.Johnst.

VV V J

Rora (Tin a ppa p 1 /^i<y 1 V vutn <yv/'in/ii^ TlOTi(Tlac pv T prim^ \ 1 lUii^lU:s,>HH I i^l LltUlt L/tJUgldS CA LCIUII. VV V 1 > IN.

Rora CTinappap l\/f v/^t i V /Vj'c/^'y > //'I I* T^*=*i~ciViyUjUll^t tll^LCflOl 1 Cl S. WIn

Rora (Tin appap jT cL lULUi y LI pilS 11 1 LI \ r\ . VJ\_ . ) r\..KJl (xy VPV rs. V J

Boraginaceae PlcigiohotJivys ccuiesccns Benth. V
Boraginaceae Plagiohothrys fulvus (Hook. & Arn.) I.M.Johnst. var.

cLunpestris (Greene) I.M.Johnst.

N V G

Boraginaceae Plagiohothrys nothofuhus (A.Gray) A.Gray N WVNSR G
Boraginaceae Pkigiohothrys stipitatiis (Greene) I.M.Johnst. var.

micranthus (Piper) I.M.Johnst.

V G

Boraginaceae Pkigiohothrys teneUus (Nutt. ex Hook.) A.Gray N W G
Brassicaceae Arabidopsis thahcma (L.) Heynh. I WV G
Brassicaceae Arabis sparsifhra Nutt. W NG
Brassicaceae A thysanus pusiUus ( Hook

.
) Greene V G
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Brassicaceae Bar bar ea verna (Mill.) Asch. I WVG G
Brassicaceae Brassica rapa L. WVNG G
Brassicaceae Capsella bursa-pasturis (L.) Medik. I WVNR G
Brassicaceae Cardainine oligosperiua Nutt. N WVNS G
Brassicaceae Draba verna L. wv G
Brassicaceae Erysinmni capita tiini (Douglas ex Hook.) Greene vs G
Brassicaceae Hirshfeldia iucaua (L.) Lagr.-Foss. I WVSR G
Brassicaceae Lepidiuju uitidwii Nutt. N wv G
Brassicaceae Lepidiiun oblongwn Small V G
Brassicaceae Lepidium strictwn (S.Watson) Rattan s G
Brassicaceae Raphauus rapJumistrimi L. WN NG
Brassicaceae Raplumus sativus L. I WN G
Brassicaceae Rorippa curvisiliqua (Hook.) Besser ex Britton wvs G
Brassicaceae Rorippa nasturtiuni-aquaticimi (L.) Hayek WVNS G
Brassicaceae Rorippa palustris (L.) Besser var. occidentalis

(S.Watson) Rollins

w NG

Brassicaceae Sisynibriimi altissinnmi L. V G
Brassicaceae Sisyjjibriwn irio L. N —
Brassicaceae Streptauthus polygaloides A.Gray N WVN G
Brassicaceae Thysanocarpiis curvipes Hook. N WVNS G
Brassicaceae TJiysanocarpus curvipes Hook. var. elegaus (Fisch. &

C.A.Mey.) B.Rob.
WV NG

Brassicaceae TJiysanocarpus radians Benth. N W G
Brassicaceae Tropidocarpuni gracile Hook. N WV G
Callitrichaceae Callitriche verna L. V G
Campanulaceae Githopsis pulchella Vatke N WVR G
Campanulaceae Githopsis specukirioides Nutt. N WVNR G
Campanulaceae Heterocodon rar if Jorum Nutt. N WV G
Campanulaceae Triodanis bifJora (Ruiz & Pav.) Greene V G
Caprifoliaceae Lonicera hispiduJa (Lindl.) Douglas ex Torr. & A.Gray

var. vaciJJans A.Gray
N WN G

Caprifoliaceae Lonicera interrupta Benth. N WVNS G
Caprifoliaceae Sanibucus mexicana C.Presl ex DC. WVN G
Caprifoliaceae SympJwricarpos aJbus (L.) S.F.Blake var. Jaevigatus

(Fernald) S.F.Blake

N WVNR G

Caprifoliaceae SympJioricarpos nioJJis Nutt. N WV G
Caprifoliaceae Virburnwn eJJipticuni Hook. N W NG
Caryophyllaceae Cerastium gJonieratwn Thuill. I WVSMRG
Caryophyllaceae LycJinis cor omnia (L.) Desr. S G
Caryophyllaceae Mimiartia caJifornica (A.Gray) Mattf. N WV G
Caryophyllaceae Minuartia dougJasii (Fenzl ex Torr. & A.Gray) Mattf. N wv G
Caryophyllaceae PetrorJuigia dubia (Raf.) G.Lopez & Romo N WVNSR G
Caryophyllaceae Sagina apetaJa L. var. barJiata Fenzl. W NG
Caryophyllaceae Saponaria officinaJis L. VNS G
Caryophyllaceae ScJerantJuis animus L. WVSR G
Caryophyllaceae SiJene antirrJiina L. N WV G
Caryophyllaceae SiJene caJifornica Durand N WN NG
Caryophyllaceae SiJene gaJJica L. I WVNSR G
Caryophyllaceae SperguJa arvensis L. WV G
Caryophyllaceae SperguJa rubra (L.) J.Presl & C.Presl V G
Caryophyllaceae SteJJaria media (L.) Vill. I WVNS G
Caryophyllaceae SteJJaria nit ens Nutt. s G
Caryophyllaceae VeJezia rigida L. V G
Chenopodiaceae CJienopodium ambrosioides L. w G
Cistaceae MeJiantJicmum scoparium Nutt. N WVR G
Cistaceae HeJiantJicmum suffrutescens Schreib. VS G
Convolvulaceae CaJystegia occidcntaJis (A.Gray) Brummitt VNSR G
Convolvulaceae CaJystegia purpurata (Greene) Brummitt ssp. saxicoJa

(Eastw.) Brummitt
N W G

Convolvulaceae CaJystegia steJibinsii Brummitt N WVR G
Convulvulaceae ConvoJvuJus arvensis L. WVNR G
Cornaceae Cornus gJabrata Benth. N WVN G
Crassulaceae CrassuJa connata (Ruiz & Pav.) A.Berger N ws G
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Crassulaceae Crassula tillaea Lester-Garland N wvs G
CrassLilaceae Dudleya cyniosa (Lem.) Britton & Rose N WVNS G
Crassulaceae Parviseduni congdonii (E'dstw.) R.T.Clausen V NG
Crassulaceae Parvisediuu pinuiliuu (Benth.) R.T.Clausen N
Crassulaceae Scduui spcit/in/ifb/iuni Hook. N
Cucurbitaceae Marah fahaccus (Naudin) Naudin ex Greene var.

agrestis (Greene) Stocking

N WVN G

Cucurbitaceae Marah u afsonii (Cogn.) Greene N
Cupressaceae Calocedrus decurreus (Torr.) Florin WVNS G
Cuscutaceae Cuscuta califovnica Hook. & Arn. N wv G
Cuscutaceae Cuscuta calif oniica Hook. & Arn. var. hreviflora

Engelm.
V G

Cyperaceae Carex athrostacJiya Olney V G
Cyperaceae Carex barharae Dewey v G
Cyperaceae Carex brainerdii Mack. N WVR G
Cyperaceae Carex densa (L.H.Bailey) L.H.Bailey V G
Cyperaceae Carex dudleyi Mack. Y G
Cyperaceae Carex gracilior Mack. V G
Cyperaceae Carex nebrascensis Dewey s G
Cyperaceae Carex midata W.Boott s G
Cyperaceae Carex praegracilis W.Boott V NG
Cyperaceae Carex rossii Boott R G
Cyperaceae Carex seuta Boott V G
Cyperaceae Carex subbracteata Mack. V NG
Cyperaceae Cyperus eragrostis Lam. VS G
Cyperaceae Cyperiis rotundas L. V G
Cyperaceae Cyperus squarrosus L. V NG
Cyperaceae Eleocharis acicularis (L.) Roem. & Schult. V NG
Cyperaceae Eleocharis pachycarpa Desv. V G
Cyperaceae Lipocarpha imcrantha (Vahl.) G.Tucker var. minor

(Schrad.) Friedl.

V NG

Cyperaceae Scirpus acutus Muhl. ex Bigelow var. occiden talis

(S.Watson) Beetle

WN G

Datiscaceae Datisca g/onierata (C.Presl) Baill. VS G
Dipsacaceae Dipsacus fu/lonwn L. N
Dryopteridaceae Dryopteris arguta (Kaulf.) Watt N WVN G
Equisetaceae Equisetum arvense L. WVS G
Equisetaceae Equisetum liyemale L. ssp. affine (Engelm.) A.A.Eaton S G
Equisetaceae Equisetum laevigatum A.Braun na na
Ericaceae Arbutus menziesii Pursh N WN NG
Ericaceae Arctostaphylos manzanita Parry N
Ericaceae Arctostaphylos viscida Parry N WVNSR G
Ericaceae Rhododendron occiden ta/e (Torr. & A.Gray) A.Gray WVS G
Euphorbiaceae Chamaesyce maculata (L.) Small NV G
Euphorbiaceae Chamaesyce ocel/ata (Durand & Hilg.) Small V NG
Euphorbiaceae Chamaesyce serpyUifoUa (Pers.) Small V G
Euphorbiaceae Eremocarpus setigerus (Hook.) Benth. N WVN G
Euphorbiaceae EupJiorbia crenulata Engelm. NSR G
Euphorbiaceae Euphorbia spathu/ata Lam. N WV G
Fabaceae Astragalus gambe/ianus Sheldon N WVS G
Fabaceae Cercis accident aUs Torr. ex A.Gray N WVNSR G
Fabaceae Cytisus scoparius (L.) Link WVNS G
Fabaceae Hoita macrostachya (DC.) Rydb. VS G
Fabaceae Hoita orbicularis (Lindl.) Rydb. V G
Fabaceae Lathvrus jepsonii Greene var. caUfornicus (S.Watson)

C.L.Hitchc.

N wv G

Fabaceae Lathyrus latifohus L. N
Fabaceae Lathyrus nevadensis S.Watson N WVN G
Fabaceae Lathyrus sulphureus W.H. Brewer ex A.Gray N WVNSR G
Fabaceae Lotus grandiflorus (Benth.) Greene N WVNS G
Fabaceae Lotus humistratus Greene N WVSR G
Fabaceae Lotus micranthus Benth. N WVSR G
Fabaceae Lotus purshianus (Benth.) Clem. & E.G.Clem. N WVNSR G



270 MADRONO

Appendix i. Continued.

[Vol. 56

Native or

Family Taxon introduced Source Rock

Fabaceae Lotus scoparius (Nutt.) Ottley N WVNS G
Fabaceae Lotus wraugelianus Fisch. & C.A.Mey. WR G
Fabaceae Lupinus albifrous Benth. N WVNSR G
Fabaceae Lupiuus hentlicinn'i A. Heller VNS G
Fabaceae Lupinus hicolor Lindl. N WVNSR G
Fabaceae Lupiuus hicolor Lindl. ssp. microphyllus (S.Watson)

D.Dunn
V G

Fabaceae Lupiuus hicolor Lindl. ssp. pipersmithii (A. Heller)

D.Dunn
V G

Fabaceae Lupiuus Uitifolius Lindl. ex J.Agardh N R G
Fabaceae Lupiuus Uitifolius Lindl. ex J.Agardh var. columhianus

(A.Heller) C.P.Sm.
WVN G

Fabaceae Lupinus microcarpus Sims var. densijlorus (Benth.)

Jeps.

wv G

Fabaceae Lupinus microcarpus Sims VN G
Fabaceae Lupinus nanus Douglas ex Benth. N WVRS G
Fabaceae Lupinus polyphyllus Lindl. R G
Fabaceae Medicago polyniorpha L. I WVR G
Fabaceae Melilotus indica (L.) All. WVN G
Fabaceae Melilotus officinalis (L.) Lam. WVNS G
Fabaceae Pickeringia montana Nutt. VN G
Fabaceae Rohinea pseudoacacia L. N —
Fabaceae Rupertia physoides (Douglas ex Hook.) Grimes W G
Fabaceae Trifolium alhopurpurewn Torr. & A.Gray V G
Fabaceae Trifolium alhopurpurewn Torr. & A.Gray var.

olivaceum (Greene) Isely

V NG

Fabaceae Trifolium harhigerum Torr. V NG
Fabaceae Trifolium hifidum A.Gray var. decipiens Greene N WVR G
Fabaceae Trifolium hifidum A.Gray V G
Fabaceae Trifolium ciliolatum Benth. N WVR G
Fabaceae Trifolium depauperatum Desv. N WV G
Fabaceae Trifolium dubium Sibth. I WVSR G
Fabaceae Trifolium glomeratum L. V G
Fabaceae Trifolium gracilentum Torr. & A.Gray V G
Fabaceae Trifolium hirtum All. S G
Fabaceae Trifolium iucarnatum L. VN G
Fabaceae Trifolium microcephalum Pursh N WVSR G
Fabaceae Trifolium microdon Hook. & Arn. N W G
Fabaceae Trifolium prat en se L. I WVN G
Fabaceae Trifolium suhterraneum L. I WV G
Fabaceae Trifolium variegatum Nutt. wv G
Fabaceae Trifolium wildenovii Spreng. N WVSR G
Fabaceae Vicia americana Muhl. ex Willd. WVR G
Fabaceae Vicia henghalensis L. V G
Fabaceae Vicia hirsuta (L.) Gray I W NG
Fabaceae Vicia sativa L. I WVN G
Fabaceae Vicia sativa L. ssp. nigra (L.) Ehrh. I WVNSR G
Fabaceae Vicia villosa Roth I G
Fabaceae Vicia villosa Roth ssp. varia (Host) Corb. I WV G
Fagaceae Quercus chrysolepis Liebm. N WNS G
Fagaceae Quercus douglasii Hook. & Arn. N WVNSR G
Fagaceae Quercus dumosa Nutt. N WVNSR G
Fagaceae Quercus durata Jeps. N WVNSR G
Fagaceae Quercus kelloggii Newberry N WVNK G
Fagaceae Quercus lohata Nee N WVNR G
Fagaceae Quercus wislizenii A. DC. N WVNSR G
Fagaceae Quercus X moreha Kellogg N
Garryaceae Garrya congdonii Eastw. N WVN G
Garryaceae Garry a fremontii Torr. N
Gentinaceae Centaurium muehlenhergii (Griseb.) W.Wight ex Piper N wvs G
Gentinaceae Centuarium venustum (A.Gray) Rob V G
Gentinaceae Swertia alhicaulis (Douglas ex Griseb.) Kuntze var. N WVR G

nitida (Benth.) Jeps.
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Geraniaceae Erodiiim botrys (Cav.) Bertol. WVSR G
Geraniaceae Erodium hrachycarpuni (Godr.) Thell. I WVNS G
Geraniaceae Erodium cicutarium (L.) L'Her. ex Alton I WVNSR G
Geraniaceae Erodium moschatum (L.) L'Her. ex Aiton I WV G
Geraniaceae Geranium carolinicmum L. VN G
Geraniaceae Geranium dissectum L. I WVS G
Geraniaceae Geranium mo/le L. I WVSR G
Hippocastanaceae Aescuhis calif arnica (Spach) Nutt. N VA^SR G
Hydrophyllaceae Emmenanthe pendu/i flora Benth. N WVR G
Hydrophyllaceae Eriodictyon californicum (Hook. & Arn.) Torr. N WVNSR G
Hydrophyllaceae Nemophila hcterophylla Fisch. & C.A.Mey. N WVNS G
Hydrophyllaceae Nemophila maculata Benth. ex Lindl. VN G
Hydrophyllaceae Nemophila menziesii Hook. & Arn. VN G
Hydrophyllaceae Phacelia cicutaria Greene NS G
Hydrophyllaceae Phacelia imhricata Greene vs G
Hypericaceae Hypericum concinnum Benth. N WVSR G
Hypericaceae Hypericum mutilum L. N
Hypericaceae Hypericum perforatum L. I WVNS G
Iridaceae Iris hartwegii Baker NR G
Iridaceae Iris macrosiphon Torr. N WVNSR G
Iridaceae Sisyrinchium bellum S.Watson N WVNR G
Juglandaceae Juglans ca/ifornica S.Watson var. Jiindsii Jeps. WVN G
Juncaceae Juncus balticus Willd. V G
Juncaceae Juncus bufonius L. N WVS G
Juncaceae Juncus effusus L. var. pacificus Fernald & Wiegand V G
Juncaceae Juncus nevadensis S.Watson V G
Juncaceae Juncus oxymeris Engelm. V G
Juncaceae Juncus tenuis Willd. V G
Juncaceae Luzula comosa E.Mey. N WVSR G
Lamiaceae Lamium amplexicaide L. I WR G
Lamiaceae Lamium purpureum L. I W NG
Lamiaceae Lepechinia ccdycina (Benth.) Epling ex Munz N WVNR G
Lamiaceae Lycopus americanus Muhl ex W.Bartram V G
Lamiaceae Marrubium vulgare L. WVN G
Lamiaceae Mentha aquatica L. V G
Lamiaceae Mentha arvensis L. var. vi/losa (Benth.) S.R.Stewart V G
Lamiaceae Mentha piperita L. V G
Lamiaceae Mentha pulegium L. w G
Lamiaceae Mentha spicata L. vs G
Lamiaceae Monardella villosa Benth. ssp. vil/osa N WVN G
Lamiaceae Monardella viridis Jeps. s G
Lamiaceae Pogogvne serpvUoides (Torr.) A.Gray V G
Lamiaceae Prunella vulgaris L. var. lanceolata (W.Bartram)

Fernald

WV G

Lamiaceae Pycnanthemwn californicum Torr. V G
Lamiaceae Salvia sonomensis Greene N WVNSR G
Lamiaceae Satureja douglasii (Benth.) Briq. R G
Lamiaceae Scutellaria californica A.Gray N WV G
Lamiaceae Scutellaria siphocampyloides Vatke N
Lamiaceae Scutellaria tuherosa Benth. N WVN G
Lamiaceae Stachys strict a Greene VN G
Lamiaceae Trichostema lanceolatum Benth. VN G
Lauraceae Umhellularia californica (Hook. & Arn.) Nutt. N WVS G
Liliaceae Allium liyalinum Curran N
Liliaceae Allium peninsulare Lemmonex Greene N WVSR G
Liliaceae Allium sanbornii Alph.Wood V G
Liliaceae Allium serra McNeal & Ownbey N
Liliaceae Bloomeria crocea (Torr.) Coville N
Liliaceae Brodiaea elegans Hoover N WVN G
Liliaceae Brodiaea purdyi Eastw. V G
Liliaceae Calochortus albus Douglas ex Benth. N WVNSR G
Liliaceae Calochortus luteus Douglas ex Lindl. VNR G
Liliaceae Calochortus monophyllus (Lindl.) Lem. N WVR G
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Liliaceae CalocJiortus siipcrhus Purdy ex J.T.Howell WV G
Liliaceae Calochovtus veuustus Douglas ex Benth. N
Liliaceae Chlorogahuji angnstifo/iu/n Kellogg N —
Liliaceae Chlorogahmi grcmdifloruin Hoover N WV G
Liliaceae Clilorogahini pomeridiammi (DC.) Kunth N WVNSR G
Liliaceae Dichelostemuui capitatimi Alph. Wood N WVNSR G
Liliaceae DicJielosteiuuui cougcstum (Sm.) Kunth N WVR G
Liliaceae Dic/ielostemnui midtilflonmi (Benth.) A. Heller N WVNR G
Liliaceae Dic/ie/oxteninia volubile (Kellogg) A. Heller N WVNSR G
Liliaceae Erythroniimi inultiscapoidewu (Kellogg) A.Nelson &

P.B.Kenn.
N WVN G

Liliaceae Fritillaria niicrant/ia A. Heller N WVNSR G
Liliaceae Liliimi hwiiholdtii Roezl & Leichtlin ex Duch. V G
Liliaceae Liliinn pardalinuni Kellogg wvs G
Liliaceae Odontostonnnu Iiartwegii Torr. N WN NG
Liliaceae Trilliimi cJdoropetcdimi (Torr.) Howell N w NG
Liliaceae Tn'te/eia hridgesii (S.Watson) Greene V G
Liliaceae Triteleia liyaciuthina (Lindl.) Greene N WVNR G
Liliaceae Tn'te/eia ixioides (S.Watson) Greene N WVNR G
Liliaceae Triteleia /.v/o/V/f^ (S.Watson) Greene ssp. scahra Greene V G
Liliaceae Triteleia laxa Benth. N WVNR G
Liliaceae Zigadeuus veueiiosiis S.Watson N WVN G
Limnanthaceae Lminautlies alba Benth. N WN G
Limnanthaceae Luiiuautlies douglasu R.Br. var. rosea (Hartw. ex

Benth.) C.T.Mason
V G

Limnanthaceae Lininantlies striata Jeps. VN NG
Linaceae Hesperolinon luicraudiwn (A.Gray) Small N WVR G
Linaceae Linum bienue Mill. V G
Linaceae Linum usitatissimuni L. I WV G
Loasaceae Mentzelia laevieaulis (Douglas ex Hook.) Torr. &

A.Gray
N —

Lythraceae Lytlirwn hyssopifolia L. VN G
Lythraceae Rotala ramosior ( L.) Koehne V NG
Malvaceae Sidalcea calycosa M.E.Jones V G
Malvaceae Sidalcea hartwegii A.Gray N WVN G
Malvaceae Sidalcea ma/vaefJora (Sesse & Mocino ex DC.) A.Gray

ex Benth. ssp. aspreila (Greene) C.L.Hitchc.

N WV G

Marsileaceae Marsilea vestita Hook. & Grev. V NG
Oleaceae Fraxinus dipetala Hook. & Arn. V G
Oleaceae Fraxinus latifolia Benth. N WVNS G
Onagraceae Camissonia niicrant/ia (Hornem. ex Spreng.)

P. H. Raven
N WV G

Onagraceae ^ 1 / / • I'll / J\A'VT1 OT 1
—

' AT 1

Clarkia biloba (Durand.) A.Nelson & J.F.Macbr. N WVN G
Onagraceae Clarkia gracilis (Piper) A.Nelson & J.F.Macbr. V G
Onagraceae Clarkia purpurea (Curtis) A.Nelson & J.F.Macbr. N V G
Onagraceae Ckn-kia purpurea (Curtis) A.Nelson & J.F.Macbr. ssp.

c/uadrivulnera (Douglas ex Lindl.) F.H. Lewis &
M.E. Lewis

WVN G

Onagraceae C larkia rhoniboidea Douglas ex Hook. VN G
Onagraceae Clarkia unguiculata Lindl. NR G
Onagraceae tpilobiuni bracnycarpuni C.Presl N WVNS G
Onagraceae Epdobmin caiiuni (Greene) P. H. Raven ssp. latifolia

(Hook.) P. H. Raven
VNS G

Onagraceae Epilobium ciliatwn Raf. WV G
Onagraceae Epilobium cleistogania (Curran) P.Hoch & P. H. Raven N w G
Onagraceae Epilobium deusifloruni (Lindl.) Hoch. & P. H. Raven V G
Onagraceae Epilobium niinutum Lindl. ex Lehm. N wvs G
Onagraceae Epilobium torreyi (S.Watson) Hoch. & P. H. Raven V G
Onagraceae Ludu'igia peploides (Kunth) P. H. Raven N
Orchidaceae Epipactis gigaiitea Douglas ex Hook. WV G
Orchidaceae Piperia elegcms (Lindl.) Rydb. N WV G
Orchidaceae Piperia unalascensis (Spreng.) Rydb. SR G
Orchidaceae Spiral! thes porrifolia Lindl. V NG
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Orobanchaceae Orohcniclie hii/ho.sci (A.Gray) G.Beck N WVR G
Orobanchaceae Orohuiichc fuscicuhttci Nutt. R G
Orobanchaceae Orohunclic uiiiflovii L. N WR G
Orobanchaceae Ovobauchc uiiiflovn L. var. salii (Suksd.) Achey V NG
Papaveraceae Eschscliolzia cacspitosa Benth. N WVNS G
Papaveraceae Esclischohia califoruica Cham. VNR G
Papaveraceae Esclischolzia lohhii Greene N WVN G
Papaveraceae Meconclhi ccilifovuicci Torr. VN G
Papaveraceae Platvstemon ca/ifbrnicus Benth. WVN NG
Pinaceae Piuus pouderosci C.Lawson N WVNSR G
Pinaceae Finns scihiiiiaiui Douglas ex Douglas N WVNSR G
Pinaceae Psendotsuga nienzicsii (Mirb.) Franco var. inenziesii WNS G
Plantaginaceae PJcintcigo e fee til Morris N WVNSR G
Plantaginaceae Pknitcigo kniceohitii L. WVNSR G
Plantaginaceae Pkiutu^o lucijor L. VN G
Poaceae Aclmatherinn knniiiouii ( Vasey) Barkworth N WVSR G
Poaceae Aegilops triimcicdis L. WVR G
Poaceae Agrostis excircitci Trin. V G
Poaceae Aivci ccii'vopliylkci L. J WVSR G
Poaceae Aiidi'opogon virgiiiicus L. s G
Poaceae Aveiici barhata Pott ex Link J WVSR G
Poaceae Aveuci fcituci L. J WVR G
Poaceae Brachvpodiimi distcicliyoii (L.) P.Beauv. J WVSR G
Poaceae Brizci iiiuior L. WVSR G
Poaceae Bromiis avenarius Labill. s NG
Poaceae Bronius ccn'inatus Hook. & Arn. N WVR G
Poaceae Bronius dicmdrus Roth WVSR G
Poaceae Bromus hordeciceiis L. WVS G
Poaceae Bronius kievipes Shear N WVSR G
Poaceae Bronius niadritensis L. WVSR G
Poaceae Bronius niadritensis L. ssp. ruhcus (L.) Duvin J WVSR G
Poaceae Bronius sterilis L. J WVR G
Poaceae Bronius tectoruni L. V G
Poaceae Crvpsis sc/ioenoides (L.) Lam. s G
Poaceae Cynodoii dactvkm (L.) Pers. s G
Poaceae Cyiiosurus ecliinatus L. I WVSR G
Poaceae Dcintlioniii ccdi/ornicci Boland var. cnnericuna (Scribn.)

Hitchc.

R G

Poaceae Dcint/ioniu iinispicatu (Thurb.) Munro ex Macoun N WV G
Poaceae Deschcinipsici dcinthonioidcs (Trin.) Munro R G
Poaceae Digitcirici scinguincdis (L.) Scop. V G
Poaceae EchinocJiloa crusgaUi (L.) P.Beauv. V G
Poaceae Elymus e/yinoides (Raf.) Swezey V G
Poaceae Elvnius gkiucus Buckley ssp. jcpsonii Burtt Davy N V G
Poaceae Elvnius niultisctus (J.G.Sm.) Burtt Davy N WVSR G
Poaceae Eragrostis hypnoidcs (Lam.) Britton, Sterns &

Posgenb.
V NG

Poaceae Gcistridiuni ventricosuni (Gouan) Schinz & Thell. I W G
Poaceae Hok'us kuuitus L. s G
Poaceae Hordcuni deprcssuni (Scribn. & J.G.Sm.) Rydb. N WV G
Poaceae Hordcuni niciriniini Huds. ssp. ^ussonccnuiiu (Pari.)

Thell.

I WVR G

Poaceae Morck'uni niuriiumi L. ssp. /cporinuni (Lmk) Arcang. I WVR NG
Poaceae Hordeuni vu/^cire L. W G
Poaceae Koeleria nuicrcmtlui (Ledeb.) Schult. R G
Poaceae Leersia oryzoidcs (L.) Sw. VS G
Poaceae Loliinn niultijloruni Lam. I WV G
Poaceae Loliuni peremie L. I WV G
Poaceae Loliuni tenndentuni L. I w G
Poaceae Melica ccdifornica Scribn. N WVSR G
Poaceae Melica torreyana Scribn. N WVSR G
Poaceae Muldenbergia rigens (Benth.) Hitchc. VS G
Poaceae Ncisscdki ceriiiia (Stebbins & R.M.Love) Barkworth N WVSR G
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r oaceae i\ UCt^iCliCl pUlL fU CI ^niLCIlC^ Ocll RWOlIII V V V i\ VJ

Poaceae ICIUIL Urn Lit Llf Hit ICl I Lit r l k3W. Vdi. ClLUrrlltlClLUlrl c V J

Poaceae PciJiiciiiii ccipillcu'c L. VV r ;V J

Poaceae PhcilcH'is cicjuciticci L. * T1 WVRVV V IV VJ

Poaceae Plicilcivis Iciiifiioiiii Vasey i> WVV VJ

1 Utlltif ICS triinUf rvCLZ.. Y VJ

1 ly I CI L 1 lizi Lit r I r r III ICIL L Lit r I ^^^J^>L!^.
T1 WV VJ

Poaceae Poci ClllflUCl L. T1 VV V oiv VJ

1 UCl UlllUUcsCl -L. TA WVRVV V IN. VJ

Poaceae Poci cofjiprcssci L. V VJ

r UCl prCllcrl^l^ J.^. VV 0 VJ

X UCl iSk:LUrlCiCi J.A iC?>l J^JilJ. CSt:LLirlClCl N VV V kj aVJ

Poaceae Poa teuerrinui Scribn. V G
P/^l Vilify /^n in/ti'itiiiiijv \A/i|1/iJT ui vpo^uii 1 ncii 1 1 11 fines vv iiici.

TX WVVV V VJ

Poaceae Polypogon nionspelieusis (L.) Desf. w
r UclCcdc oc / luiitfi iLi uuicii icic 11 \ 111 ui u. ) indcis.. VV VJ

Poaceae Setaha pumihi (Poir.) Roem. & Schult. V G
LjUt^/iltf/l I ICilL JJL / IctC: \L^.f jrcil3. WV aVJ

1 Clkz f llCil 1 It: t ill i I LCipiil ftlizCiUCSClC: \\-^») i>lCVolvI I WV Q
y lllylCl 1/ f Ur r lU ICiCfiS \\^.) VJl ct

y

c VJ

Poaceae Vulpia microstachys (Nutt.) Munro var. ciliata (Beal)

L^UllcllU Cx, ^JVJUlvJ

N WR G

Poaceae Vidpia microstachys (Nutt.) Munro var. ro/T/i/^c/ (Piper) N WV

V Hip I CI r/llLt C^J IClt f I y >3 y \ALl. } IVl Lllll KJ V dl . pCl LiL If lUf CI N WV Q

y uipici tti y Llf cj V-^' / ^ .vjiiici. J WV Q
1 UdCCdC y iiipici I f I \ lit c/l> yi^. ) v_ , v_. . vj iiici . vdi. 1 1 1 1 ii i ci ii dciv

.

I WVSR Q
V llipiCl C/C lU f left CI i^VVdllCl ) JXyUU. Vdl. tut I ir 1 1 CI yL ipci f

Henr.

N WV Q

F UlCIIlUlUaCCdC A 1 1/Mill ^''1 1 1 iin /ii^y/^ii* i ^'/t i 1 ill! ^^vliitf ^ A IrfQilt Jvt"
/t. llOpil \ lllll 11 III \ III It U I III 1 1 ^l>Ull.^ /A. L^. VJl dill OL

V . J_/.\J1 dill

VV VJ

1Polemoniaceae /iiiopiiyiiiini giiioicws ^Denin.j /-\.j_>'.vjrdni oc v .i_,.vjrdnL VV VJ

r UlCIllUIliaCCclC (Tol/oiiiici hctcvoplivllci Hook. Q VJ

Polemoniaceae Gilici ccipitcitci Sims IN wsVV 0 VJ

rUlCllUJllldCCclC KJlllil CUpilCllll ollllS bap. pcllCiHUtllLlflLl V .J_v. VJl dill VNR Q
r UlClllUlllclL-CclC KJlllCl 1 1 ILUlUf DClllll. N WN NG
ruicnujiiidcccic KJlllCl 11 IClflOi OClllll. asp. LllllUSLl ll.lVldaDll OL

r\..U .KJV dll I

Y NG

Polemoniaceae Luicnithns cniclvoscicciis (Benth.) Grreene N
ruiciinjiiidi^ccic L^lUllI 1 1 mis UlLOlOl ^i>Ull.^ VJICCIIC N WVNRVV V 1 > Iv Q
Polemoniaceae Liuciuthns cilicitiis (Benth.) Greene "Mi> WRVV rv VJ

r UlCIllUIllclCCclC Lifitiiithns clicliotoiiins Benth. N
Polemoniaceae Liucinthus filipcs (Benth.) Greene "Mi> WVV NOi> VJ

Polemoniaceae Liiumthus montanus (Greene) Greene V G
Polemoniaceae Liuciiithus pcirvifloy'us (Benth.) Greene VV VJ

Polemoniaceae LincnitJuis pygiiicicus (Brand) J.X.Howell WVVV V aVJ

ly Li veil 1 CI ICi cflC/Ccj/llCllCl im.iVldaUll Y G
ruiciinjiiidcccic ly LI VLlI rClltl J 11 IC lllll IS \ lUll. CA /A^. VJ I dy ^ VJl CCllC N WV Q
r UlCllUJllldl^CclC ly CI vlll 1 c I III II 11 ct lc.\ ICl ^IJCIILII./ inijljlv. N WVN Q
Polemoniaceae Ncivcirvctici piihcscciis (Benth.) Hook. & Arn. i> WVN Q
Pol on 1 i-1 r*(^i^ lyClVCiflcllll Vl^ClClLttll i3Cillll. Y G
Po 1 p t Ti on I ii r* I y ct V III 1 c I m r /i> t tULiiit ljk^h ooL/. 17 iti l/ lh c h \ v j 1 ^^11^ f

1 1 . ividaUll

R G

Polemoniaceae Phlox gracilis Greene WV G
Polygalaceae Po/yga/a cornuta Kellogg N WVSR G
Polygonaceae Chorizauthe nicinhrcmacea Benth. V G
Polygonaceae Chorizauthc polygonoiclcs Torr. & A.Gray WV G
Polygonaceae Chorizanthc staticoiclcs Benth. N V G
Polygonaceae Eriogonum nuc/uiii Douglas ex Benth. N WV NG
Polygonaceae Eriogonuni wuhcllatiun Torr. N
Polygonaceae Eriogonum vimineum Douglas ex Benth. V G
Polygonaceae Polygonum arenas t rum Jord. ex Boreau V G
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Polygonaceae Polygonum califoruicwn Meisn. N WV G
Polygonaceae Polygonum convolvulus L. N —
Polygonaceae Polygonum punctatum Elliot V G
Polygonaceae Pterostegia drymarioides Fisch. & C.A.Mey. VS G
Polygonaceae Rumex acetocella L. V G
Polygonaceae Rwnex conglomeratus Murray VN G
Polygonaceae Rumex crispus L. I WVNS G
Polygonaceae Rumex obtusifolius L. s G
Polygonaceae Rumexpulcher L. I WV G
Polygonaceae Rumex salicifolius Weinm. var. denticulatus Torr. N WV G
Polypodiaceae Polypodium califomieum Kaulf. N WVNSR G
Portulacaceae Calandrinia ciliata (Ruiz & Pav.) DC. var. menziesii

(Hook.) J.F.Macbr.

N WVNSR G

Portulacaceae Claytonia exigua Torr. & A.Gray V G
Portulacaceae Claytonia parviflora Douglas ex Hook. WVR G
Portulacaceae Claytonia perfoliata Donn ex Willd. N VNSR G
Portulacaceae Montia fonlana L. V G
Portulacaceae Porlulaca oleracea L. N —
Primulaceae Anagallis arvensis L. I WVNS G
Primulaceae Centunculus minimus L. V NG
Primulaceae Dodecatlieon hendersonii A.Gray N WVNSR G
Primulaceae Trien talis latifolia Hook. N W NG
Pteridaceae Adiantum jordanii C.H.Mull. N WVNS G
Pteridaceae Aspidotis calif ornica (Hook.) Nutt. ex Copel. N WSR G
Pteridaceae CheUanthes intertexta (Maxon) Maxon VR G
Pteridaceae Pellaea audromedaefolia (Kaulf.) Fee VS G
Pteridaceae Pellaea nmcronata (D.C.Eaton) D.C.Eaton N WVNSR G
Pteridaceae Pentagramma pallida (Weath.) Yatsk., Windham &

E.Wollenw.
V G

Pteridaceae Pentagramma triangularis (Kaulf.) Maxon N WVNSR G
Pteridaceae Pteridium aquilinum (L.) Kuhn vdr. puhescens Underw. WVN G
Ranunculaceae Aquilegia formosa Fisch. ex DC. WV G
Ranunculaceae Clematis lasiautha Nutt. N WVNSR G
Ranunculaceae Delphinium gracilentum Greene S G
Ranunculaceae Delphinium hansenii (Greene) Greene VSN G
Ranunculaceae Delphinium hesperium A.Gray WV G
Ranunculaceae Delphinium patens Benth. N WVN G
Ranunculaceae Isopyrum occidentale Hook. & Arn. N w NG
Ranunculaceae Ranunculus aquatilis L. var. hispidulus E.Drew w NG
Ranunculaceae Ranunculus arvensis L. V G
Ranunculaceae Ranunculus californicus Benth. V G
Ranunculaceae Ranunculus hebecarpus Hook. & Arn. N wvs G
Ranunculaceae Ranunculus hystriculus A.Gray N —
Ranunculaceae Ranunculus muricatus L. WVS G
Ranunculaceae Ranunculus occidentalis Nutt. var. eisenii (Kellogg)

A.Gray
N WVNR G

Ranunculaceae Thalictrum fendleri Engelm. ex A.Gray vdv.polycarpum
Torr.

WN NG

Rhamnaceae Ceanothus cuneatus (Hook.) Nutt. N WVN G
Rhamnaceae Ceanothus integerrimus Hook. & Arn. N WVN G
Rhamnaceae Ceanothus lemmonii Parry N WVNSR G
Rhamnaceae Ceanothus leucodermis Greene N —
Rhamnaceae Ceanothus palmer i Trel. N WV NG
Rhamnaceae Ceanothus roderickii Knight N WVR G
Rhamnaceae Rhcmmuscalifornica Eschsch. N N
Rhamnaceae Rhanuius ilicifolia Kellogg N WVSR G
Rhamnaceae Rhamnus tomentella Benth. ssp. crassifolia (Jeps.)

J.O.Sawyer
WVSR G

Rosaceae Adenostoma fasciculatum Hook. & Arn. N WVNSR G
Rosaceae Amelanchier utahensis Koehne W
Rosaceae Aphanes occidentalis (Nutt.) Rydb. N WVS G
Rosaceae Cercocarpus hetuloides Nutt. N WVNS G
Rosaceae Chan laebatia foliolosa Benth. N
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Hosaceae t fxiii^cu'ici vc'scci L. ssp. culiforuicii (Cham. & Schltul.) XTIN

oiauai

Rosaceae Hctei'oniel&s uvhutifoliu (Lindl.) Roem. XTIN \\7A/X.TQR V I

Rosaceae Hovkelici cci/ifoi'uicci Cham. & Schltdl. ssp. dissitu \rV

(Crum) Ertter

Rosaceae Hovkclict fiiscci Lindl. ssp. pcirvij lorci (Nutt. ex Torr. & V

/\.oiay; L^. L*. ivecK

Rosaceae IVICllllS S\ IVCSl) IS IVIUI. XTIN

Rosaceae Ociulcnci ccvcisifoviJiis (Hook. & Arn.) J.W.Landon IN W XTO

Rosaceae Potcntillci i^/cinc/u/osci Lindl. XT WiM ( ;

Rosaceae rUlLllllllll ^iLllliilllUMI LIIlCll. asp. 1 L 1 IL All ^VJICCIIC^ V ij VJ

lj .lj. ivecK

Rosaceae lIllllLlS lllCl/l>llCI ^iMUll. CX nDUK. Oc r\lll.) LJ .LyiCll .
XTIN

Rosaceae Rosci ccilifoi'iiicci Cham. & Schltdl. XTIN Ww i>o
Rosaceae Rosci 6glcuit6}"ici L. V ( ;

Rosaceae Rubus civincniciciis Focke VV V O

I\LIU It Lit Utit 1 n It^ J_^L^ Ll^lcl^ CA 1 L7l 1 . CV . VJ 1 cxy N WN Q
Rosaceae Ruhus iivsiiiiis Cham. & Schltdl. XT VV V iMo CIV J

Rosaceae Sciiif^iiisorhci iiiiiiov Scop. ssp. iimriccitci (Spach ex XIVi> V riV I

DDllIllCI Oc L^ctyCllS/ lNUltiU*Jl^

rs. u u 1 ciccctc cpi ILIILII 11 1 HIS Dttllltllltllir) L. Veil. C 11 1 1 / l/l f I IC ll,> DClllIl. V i> kJ
riV J

Rubiaceae Gciliufu cipcwiuf L. XT \\A/KIQRWV i No Ix ( •

V I

Rubiaceae Gciliiiiu holciiidt'vi A.Gray XT WV orv K J

Iv UUlclCCaC KJLlttlllll L Lit 1 1 III lilt Ltl 11 ntJUlV. OC /Alll. asp. slci 1 Lit WVR V J

Dempster & Stebbms
ivLiDiaceae Gci/iinii (livciv iccitimi Lam. TX wv V J

Rubiaceae Gcdiiuu niui'cdt^ (L.) All. V IN vJ

Rubiaceae Gctliuni pcivisiciisc L. T1 VV V 1 > o CIK J

Gci/iuiii porvigciis Dempster XT VV V orv V I

Rubiaceae Slwi'uydici cwvcusis L. T1 VV V c,V J

Rutaceae Pt elect cveiiiilcttci Greene XT WVsVV V i3 V J

ocillCctCCclC 1 Ijpill LIS f 1 cf r It/f 1 1 L 1 kj. VVclLalJll WVS Q
Salicaceae Scdix exiguci Nutt. VV V 1> Cr

^/ili^' cr /^i /I /'I i 11 (T ii R T^qIIiSyciii.x guunm/igii x^.iv.Dciii WVN Q
oclllCcH^CclC kjtlll.y ILlt: l lgCllCL Q
OctlJCclCCctC ijLlll.\ IClSlUlCpiS DClllll. WVN Q
Salicaceae Sci/i.x lucidci IVIuhl. ssp. hisiciudvci (Benth.) E.Murray VV riV I

OclllCctCCctC OC///.\ 1 1 It LLlHI/p^ Ia i^lL^ll. VN Q
Oclll IcUclCCctC ^ Ol 1 Ull ICll 11 III 1 lot 1 III 1 11 {L^.} IMUll. aap. 1 11 1 1 / U1 1 1 1 1 11 ^CdalVv. V o VJ

CA rvyuu.^ ivi.riciii

Coaxiiragaceae Boykciiici occidciitcdis Torr. & A.Gray VV V 1 N Ct

ociAll I cl^clcCciC LJllI 1 1 It 1 11 ptfl llllll \ lyjil. CA DCIllli.^ V USa VV Q
Saxifragaceae Lit hoplwciguHi cifftue A.Gray VNV IN iM VJ

Saxifragaceae Lit hophi'iigiitct holtiudcri A.Cjray VSV i3 Q
Saxitragaceae Lithopliviigiuu hctcvophylhuu (Hook. & Arn.) Xorr. & IN VXIV IM c^V J

/A.vji ciy

Saxiiragaceae Lithophycigiiui piirvif/oruiti (Hook.) Torr. & A.Gray V c^V I

Saxifragaceae Pliihidclphus /t'M'isii Pursh ssp. cci/ifoi'iiicii (Benth.) XT VV V 1 > o V I

ivi unz
oaxiiragaceae Scixifrcigu cultforntcci Greene XT VV V 1 > o Cm

Scrophulanaceae Aiitivvhijiiijit coviiiitiiiu Benth. XTIN wvVV V Cm

Scroph ulariaceae Aiitii'i'/ii/iuiii vcxillocxilvciiliitiitii Kellogg ssp. hrcwcvi VV NG
^/\.^Jlayj u. i nomp.

Q - 11--ocropnulanaceae GiistiUcju cipplcgcitct Fernald VV Q
Scrophulariaceae Castidc/a attemiata (A.Gray) T.LChuang & Heckard N WVSR G
Scroph ulariaceae Castideja exertii (A. Heller) T.LChuang & Heckard VR G
Scrophulariaceae Castideja foUok)sa Hook. & Arn. N WVNSR G
Scrophulariaceae Castideja kicera (Benth.) T.LChuang & Heckard V G
Scrophulariaceae Castdkda Iiiieavik)ha (Benth.) T.LChuang & Heckard WV G
Scrophulariaceae Castideja nihicundu/a (Jeps.) T.LChuang & Heckard N WVN G

ssp. //7/;as7:>(:^r/;?o/V/f A' (Benth.) T.LChuang & Heckard
Scrophulariaceae Castideja siibinehisa Greene VN G
Scrophulariaceae Codinsia heterophyda Biiist ex Graham WVNSR G
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Scrophulariaceae CoUinsia sparsiflora Fisch. & C.A.Mey. var. hvuceuc

(M.E.Jones) Newsom
N WVNV G

Scrophulariaceae CoUinsia sparsiflora Fisch. & C.A.Mey. var. collina

(Jeps.) Newsom
WVN G

Scrophulariaceae CoUinsia tinctoria Hartw. ex Benth. N —
Scrophulariaceae Cordvkmtluis pilosus A.Gray ssp. /lanscnii (Ferris) VN G

T.I.Chuang & Heckard
Scrophulariaceae Grateola ehracteata Benth. V NG
Scrophulariaceae KeckieUa breviflora (Lindl.) Straw N WVNSR G
Scrophulariaceae KeckieUa leninionii (A.Gray) Straw R G
Scrophulariaceae Kickxia ekitine (L.) Dumort. V G
Scrophulariaceae Linaria canadensis (L.) Dum.Cours. var. texana

(Scheele) Pennell

W G

Scrophulariaceae Linchrnia chihia (L.) Pennell var. anagaUidea (Michx.)

Cooperr.
V G

Scrophulariaceae Miniuhis aurantiacus W.Curtis N WVNSR G
Scrophulariaceae Miinnhis cardinalis Benth. WVNS G
Scrophulariaceae Minmhis dougkisii (Douglas ex Benth.) A.Gray V G
Scrophulariaceae Miniuhis guttatus DC. WNS G
Scrophulariaceae Miniuhis keUoggii (Curran ex Greene) Curran ex

A.Gray
VNS G

Scrophulariaceae Miniuhis layneae (Greene) Jeps. V G
Scrophulariaceae Miniu/us pi/osus (Benth.) S.Watson V G
Scrophulariaceae Miniuhis tricohr Hartw. ex Lindl. VN G
Scrophulariaceae Pcdiciikiris densifhra Benth. ex Hook. N —
Scrophulariaceae Pcnstenion aziirciis Benth. N WV G
Scrophulariaceae Penstenion hetcrophyUus Lindl. WVNS G
Scrophulariaceae Scrophularia caUfornica Cham. & Schltdl. N NS G
Scrophulariaceae Scrophukiria caUfornica Cham. & Schltdl. ssp.

J'/orihiinda (Greene) R.J.Shaw
WV G

Scrophulariaceae Trip/iysaria criantha (Benth.) T.I.Chuang & Heckard N WVNS G
Scrophulariaceae Triphysaria pusiUa (Benth.) T.I.Chuang & Heckard V G
Scrophulariaceae Verhasciini hiattaria L. I WVN G
Scrophulariaceae Verhasciini thapsiis L. WVNS G
Scrophulariaceae Veronica arvensis L. I w G
Scrophulariaceae Veronica peregrina L. ssp. xakipensis (Kunth) Pennell V NG
Scrophulariaceae Veronica persica Poir. V NG
Selaginellaceae SekigineUa dougkisii (Hook. & Grev.) Spring V G
Selaginellaceae SekigineUa hanseni Hieron. N ws G
Selaginellaceae SekigineUa \vaUacei Hieron. s G
Simarubaceae Aikinthus ahissinia (Mill.) Swingle N —
Solanaceae Datura stranioniiini L. var. tatula (L.) Torr. VN G
Solanaceae Datura wrightii Regel N
Solanaceae Nicotiana acuminata (Graham) Hook. var. niuUiJk>ra

(Phil.) Reiche
WVN G

Solanaceae Nicotiana attenuata Torr. ex S.Watson N —
Solanaceae Nicotiana gkiiica Graham N —
Solanaceae Nicotiana cpiadrivalvis Pursh N —
Solanaceae Sokiniini aniericaniini Mill. WV G
Solanaceae Sokmuni xantii A.Gray WVN G
Sterculiaceae Freniontodendron caUforniciini (Torr.) Coville ssp.

deciimbens (K. Lloyd) Munz
N WVR G

Styracaceae Styrax officinalis L. var. redivivus (Torr.) Howard N WVNS G
Tamaricaceae Tanuirix parviflora DC. V G
Typhaceae Typha doniingensis Pers. NS NG
Typhaceae Tvp/ia kitiJbUa L. WVN G
Urticaceae Urtica choica L. ssp. hok)sericea (Nutt.) Thorne VN G
Valerianaceae Pk'ctritis ciUosa (Greene) Jeps. N WVNS G
Valerianaceae Pk'ctritis nuicrocera Torr. & A.Gray NR G
Valerianaceae Va/erianeUa locusta (L.) Laterr. V G
Verbenaceae Phyki nodifk)ra (L.) Greene var. nodij/ora VNS G
Verbenaceae Verbena bonariensis (A. DC.) A.Gray V G
Verbenaceae Verbena hastata L. N
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Verbenaceae Verbena litonilis Kunth S G
Violaceae Viola douglasii Steud. N
Viscaceae Arceiitliohium eampylopodiim Engelm. WVN G
Viscaceae Plwradenc/ron wacrophyUiini (Engelm.) Cockerel! VN G
Vitaceae Vitis ealiforuica Benth. N WVNS G


